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INTRODUCTION 
Phosphorus (P) literally means "light bringer' in the ancient Greek. 
Phosphorus is one of the key element in all plants and animal life, so that it is 
widely distributed in water, mineral, soil, and in all living tissue. This element 
is always found in combination with other nutrients since its pure form readily 
inflames at ordinary temperature in nature. Therefore, in a pure form, P 
should be kept under water because it would spontaneously burst into flame on 
exposure to the air. Henning Brand is the alchemist who first isolated pure P 
in 1669 and found it to be white or yellowish, translucent, waxy, crystalline 
solid that glowed in the dark (Thomas, 1966). 
Phosphorus is one of the major nutrients applied to plants because of 
its important role in most metabolic processes including photosynthesis and as 
structural component of nucleic acids, coenzymes, phospholipids, and 
phosphoprotein. There are three important functions of P throughout plant life 
cycle (Thomas, 1966). First, P stimvdates early growth, so it is always given a 
lot in starter and transplant fertilizers. Second, P strengthens stems and also 
help the roots spread out to anchor the plants, thereby sufficient P reduces 
plant lodging. Phosphorus also hastens maturity and improves crop quality 
due to its importance for bloom and seed or firuit development, and eventually P 
can move and concentrate in the seed or firuit. Although the functions of P in 
the growth of plant are complex, P is often specially identified with 
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reproduction characteristic of plants, such as increased yield and quahty of 
forage, grain, vegetables, root crop, and fruit. 
In general, there are three main P problems, i.e., low level of total P in 
soil, low availability of native P in soil, and significant fixation of P added to 
soil (Brady, 1990). Increasing the availability of native P and reducing P 
fixation are the main challenges of scientists, which can increase P efficiency. 
Phosphorus phj^oavailability in soil is very low due to soil fixation. Most 
of the P added to soils will be converted into forms unavailable to higher plants. 
To provide enough P for plant, farmers usually apply higher amount of P than 
P needed by plant. As a result, P will accumulate in soils and large amounts of 
P will be lost by runoff. 
There are several sources of P to support plant growth. These include 
commercial fertilizer, manure, plant residue, and industrial and domestic 
waste that includes biotechnology by-products generated by industrial 
activities. Rapid livestock production in recent years has increased animal 
wastes tremendously. Land application is one of the best solutions to manage 
the enormous amounts of manures. More than 90% of manures is applied to 
agricultural land. In general, manures can enhance crop production through 
their capacity to supply nutrients and increase soil quality. Poultry litter and 
manures have increased yield in many different crops, such as rice, wheat, 
corn, fescue, and bermudagrass. Meanwhile, large amount of by-products are 
generated by biotechnology industry in the USA that grow rapidly in recent 
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years. Instead of discharge these by-products into municipal wastewater 
treatment or disposed them in landfills, Zhu et al. (1995) found out that some 
biotechnology by-products were potential sources of N for plants and are useful 
as soil amendments. 
The main concern of biotechnology by-products and maniire application 
to agricultural land is eutrophication of surface water due to the increase of 
nutrients enrichment of water. Although the increase of nutrient concentration 
in water may have beneficial effect for fisheries, it can also lead to detrimental 
effect for other water uses such as for industry, drinking, and recreation. 
Nitrogen and P are nutrients having important role in eutrophication. 
However, it was found that P often become the limiting factor in eutrophication 
so that in several countries, efforts to minimize pollution especially 
eutrophication due to animal wastes is done by limiting entrj' of P into both 
surface and ground water. 
Biotechnology by-products and manures application rate have been 
based on N content in these materials and by only considering soil N content 
and N required by crop, so that in long term P will exceed crop requirement 
and accumulate in soil due to lower ratio of N/P added in manure than taken 
up by crops. This condition worsen because several biotechnology by-products 
and animal manures contain high amount of P. Therefore, it is important that 
management strategies of biotechnology by-products and animal manure 
application be based on P requirement rather than N requirement, especially 
4 
for soils susceptible to surface runoff losses and for waste material having high 
P content. 
Even though there is much research on animal manures as sources of N, 
only limited information is available on biotechnology by-products and animal 
manures as sources of P for plants. Based on that background, the objectives of 
this research were: (1) to study the efficiency of P uptake from biotechnolog}' 
by-products and animal manures, (2) to compare the effect of biotechnology by­
products and animal manures on plant growth and P uptake, and (3) to assess 
the potential of several biotechnology by-products and animal manures as sources 
of P for corn (Zea mays L.) and ryegrass (Lolium multiflorum L.). For 
convenience, the results obtained are presented in two parts. The result obtained 
by using corn as an indicator plant are presented in Part I, and those obtained by 
using ryegrass are presented in Part II. The main findings are listed in the 
Summary and Conclusion section. 
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LITERATURE REVIEW 
Phosphorus Forms in Soil 
In general, P makes up about 0.12% of the earth crust. It is present in 
all soil, water, animal remains and in plant; and it also forms compounds with 
wide variety of elements. Total concentration of P in soil surfaces varies 
between 0.02 to 0.10% (Tisdale et al., 1993). Soil P can be classified into 
inorganic and organic P depending on the natxire of the compounds in which it 
occurs. Although the relative amount of these forms vary greatly from soil to 
soil, in general organic P makes up 20 — 80% of total P in soil (Brady, 1990). 
Inorganic phosphorus compounds in soils 
Most inorganic P in soil can be categorized into two groups, i.e., those 
containing Ca and those containing Fe and Al. Of the Ca compounds, apatite 
minerals are the most insoluble and unavailable of the group, while the simpler 
compounds of Ca such as mono- and dicalcium phosphates are readily available 
for plant uptake. However, these simpler compounds of Ca are present in 
extremely small quantity. Meanwhile, less information is available about the 
exact composition of the Al and Fe phosphates in soils, and it is possible that 
these compounds are hydroxyl phosphates such as strengite (FeP04.2H20) and 
variscite (AIPO4.2H2O) (Brady, 1990). 
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Organic phosphorus compounds in soils 
Phosphorus present in a significant amount in organic combination, 
either as specific organic P compounds or as organic compound linked with 
inorganic P (Larsen, 1967). Soil organic P make up about 1 to 3% of soil 
organic matter, and its concentration decreases with soil depth. The organic P 
present in soils mostly as esters of orthophosphoric acid and a lot of mono- and 
diester. Several classes of organic P ester compounds found in the soil are 
inositol phosphates, phospholipids, nucleic acids, nucleotides, and sugar 
phosphates (Tisdale et al., 1993). 
Among soil organic phosphate compounds, inositol phosphates are the 
most abundant and make up 10-50% of the total soil organic P since these 
compounds are quite stable in alkaline and acid conditions and interact with 
the higher molecular weight humic compounds. Nucleic acid such as 
ribonucleic acid (RNA) and deoxyribonucleic acid are P-containing compounds 
that make up about 1-5%, while phospholipids, fat-like compounds of microbial 
origin, make up only about 0.2-2.5% of the organic P (Brady, 1990). 
Phosphorus Availability in Soils 
Phosphorus cycle in soils 
The P cycle from soil to plant is illustrated in Figure 1. This cycle is 
showing the partition of organic and inorganic forms of P into pools based on 
availability to plants. Phosphorus cycles between soil, plants, animals, and 
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Figxire 1. P cycle in soil. 
microorganisms. In this cycle, Stewart (1980 in lyamuremye and Dick, 1996) 
showed the major P processes in the P cycle that included P uptake by plants, 
biological mediated turnover of P, and chemical fixation/ dissolution reaction 
between solid and liquid phases. The forms of P in solution, H3PO4, H2P0.r, 
HP0.}2- po3-^ and soluble complex of these ions, are governed by the reactions 
of protonation and complex formation. Soil acidity (pH) plays a major role in 
determining distribution of P between phosphoric acid and the P ions, in which 
the ionic species H2P04" and HP042- are the most abundant in the pH range 
encountered in soil (Larsen, 1967). For our convenience, in the next discussion 
we refer H2P04% HP042", and PO^- as phosphate. 
Plant absorbs P, mostly from soluble inorganic form and in small amount 
from organic phosphorus compounds, then transported to above ground plant 
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parts. Phosphorus from plant enters soil as plant residue, animal manure, and 
human waste. These residues then are decomposed by microbs and are 
temporarily bound into their cells before becoming part of soil organic matter or 
slowly converted into soluble phosphorus that ready for plant uptake (Brady, 
1990). 
Chemical fixation and dissolution reaction between solid and liquid 
phases have very important role in P cycle. Only 0.01% of total P exist as 
soluble P, while 1-2% is in microbial tissue, and the other 98-99% of the 
phosphorus is associated with primary or secondary mineral and organic 
matter (Brady, 1990). Even when we apply fertilizer to supply soluble P, most 
of it will be converted to the insoluble forms. 
Factors affecting P availahilitv 
Although soil contains 400 - 800 ppm of total P, in general, P is available 
to plant in small amounts due to precipitation to form insoluble precipitates 
with Ca in alkaline soils, or adsorption by Fe and A1 oxides or by precipitation 
within soluble Fe and A1 in acid soils. However, in the absence of P 
precipitating ions, P still is removed firom solution by adsorption onto the 
surface of soil particles such as clay or Ca carbonate (Larsen, 1967). It has 
been suggested that the mechanisms by which various soil constituents retain 
P are physical and chemisorption, anion exchange, surface precipitation, and 
precipitation as separate solid phase (Soper and Racz, 1980). So that, in 
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general, there are several factors affecting P availability, such as: alumino-
silicate minerals, pH, exchangeable cations, and organic acids. 
Alnminn-silicate clav minerals. Numerous investigations have been 
done to study the reaction of P with alumino- silicate clay minerals. Soper and 
Racz (1980) summarized that in general P is fixed in decreasing order of illite. 
kaolinite, and montmorillonite, and the amount fixed being much less than 
with the hydrous oxides of Fe and Al. 
In clay soils, it is possible that P availability is very low due to P fixation 
in crystal lattice or adsorbed strongly on its surface. Approximately 98-99% of 
inorganic P (Pi) in clay soils can be bound so strongly that it cannot be 
extracted by salt solutions, exchanged by added ^^Pi, or taken up by plants 
(Bieleski, 1973). 
Aluminum. Fe oxides, and calcium. Aluminum and Fe oxides and 
hydrous oxides have an important role in the reaction of P in acid soils. These 
minerals occur as discrete compounds in soils or as coatings on other soil 
particles, or as amorphous aluminum hydroxy compounds between the layers of 
expandable aluminum silicates (Soper and Racz, 1980). The higher 
concentration of those compounds result in more P fixed in acid soils. In their 
review, Soper and Racz (1980) also found that the application of P to alkaline 
soil increased P fixation by fi:ee calcium carbonate so that the higher calcium 
carbonates concentration in soil, the more P fixed. 
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pH and exchangeable cations. Soil acidity has major role in P 
precipitation, besides the presence of Al, Fe, and Ca in soil solution. The 
availability of phosphorus is affected by its ionic form, and these ionic forms in 
turn is determined by pH of soil solution since H2P04' ion is more availabie to 
plants than other phosphate ions. In very acid solution, only H2P0.J- ions are 
present. When pH is increased , phosphate ions that will dominate is HPO^-
and finally P04^- as illustrated in following equation: 
OH- OH-
H2P04-< ^ H2O + HP042-<=: ^ H2O + P043-
H+ H-
acid solution alkaline solution 
At certain pH, two of those phosphate ions may be present in soil solution. 
Soil pH also determines the absence or presence of other compounds that 
will react and affect phosphorus availability in soil. In very acid condition, Fe 
and Al are reduced into mobile Al^* and Fe^* that will react with P into very 
insoluble P compounds. Phosphorus availability will increase as pH increases 
to neutral. Under alkaline condition, Ca^-^ will precipitate P into less soluble 
di- or tricalcium phosphate. 
Soil pH can be changed by several ways, such as by addition of liming 
material, organic material, N fertilizers, and waterlogging. In the rhizosphere 
the change in pH may be caused by production of exudates (exudation) that 
contains protons, hydroxide or bicarbonate ions or respiration, and the 
exudation of organic anions or their conjugate acids. However, by using soil 
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having a high pH buffer capacity, Staunton and Laprince (1996) found that 
changing pH from 6.73 to 5.73 did not change the P availability so they 
concluded that acidification of the soil used does not increase the solubility of 
phosphate, and therefore rhizosphere acidification would not improve 
phosphate nutrition. Hue (1991) found that high concentration of basic cations 
in organic matter increased soil pH. The same author also suggested that soil 
pH may increase due to ligand exchange between Fe- and Al-hydroxyl groups 
with organic acids. Meanwhile, in their review, lyamuremye and Dick (1996) 
stated that pH change in submerged soil that leads to the self-liming effects is 
caused by oxido-reduction reactions i.e.: reduction of higher valence of Mn 
oxides or Fe oxides and hydrous oxides: 
Mn02 + 2H+ + 2e- < ^ Mn2+ + 20H-
FeO(OH) + e-+ H2O < ^ Fe2+ + 30H-
Exchangeable cations affect the adsorption of P by silicate clays. In his 
review of P in neutral and acid soils, Kurtz (1953 in Soper and Racz, 1980) 
stated that Ca clays retain more phosphate than that of Na, NH4, or K clays; 
and it is possible that the linkage between clay and phosphate may be through 
exchangeable Ca or Mg ions. 
Organic acids. Organic acids increased the availability of P in soils 
mainly through the decreased adsorption of P and increased solubilization of P 
compounds, thereby the effectiveness of fertilizers applied will be increased in 
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the presence of organic acids (Bolan et al., 1994). In addition, organic acids 
also increased the plant-availability of water-insoluble phosphate compounds, 
either applied directly as slow-release phosphate fertilizers or formed as 
reaction products when water-soluble phosphates were added (Bolan et al, 
1994). 
In their review, lyamuremye and Dick (1996) showed that plant 
availability of Pi was increased by mixing Pi with organic matter such as 
animal manure. They explained that there are several possible roles of organic 
acids added with organic residue or as by-products during organic matter 
decomposition in P availability. These include the following: (1) complexation 
reactions with metals- Organic acid may form metal complexes with metals 
such as Al and Fe that readily react with orthophosphate so that 
orthophosphate more available for plant uptake. Several functional groups 
such as carboxylic, hydroxylic, phenolic, and alcoholic are important in reaction 
between metals and organic acids. (2) Competition for sorption sites- Organic 
compounds such as fulvic acid and humic acid can be adsorbed by soil mineral 
such as Al and Fe hydrous oxides, or other clay minerals that lead to a 
competitive adsorption for sites of orthophosphate fixation although the effect 
varies with soil type. (3) Dissolution of precipitated phosphate- Organic acids 
able to solubilize precipitated phosphate that makes P available when organic 
residues are added to soils. This process involves reactions of Al, Fe, and Ca 
cations with carboxyl and hydroxyl functional groups of organic acids. A 
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common example of organic acid effect on P availability is the weathering 
process by organic acids that release phosphate bound in the phosphate 
minerals. As a result, the activity of A1 and Fe are reduced and P activity is 
increased in soil solution. (4) Effects on surface charge- Organic acids have 
significant effect on increasing negative charge and decreasing positive charge 
that will decrease P sorption. lyamuremye and Dick (1996) summarized in 
their review that positive charge on A1 siUcates is reduced by organic 
treatment, while the increase of negative charges in some soils was due to the 
selective adsorption of organic molecules containing a higher concentration of 
anionic groups. 
Application of organic matter may change surface charges through 
organic acids produced during decomposition or by their action on exchangeable 
A1 and pH. Addition of organic acids decreased the adsorption of P by soils in 
the order tricarboxylic (citric) acid > dicarboxyUc (oxalic, tartaric, malic) acids > 
monocarboxylic (acetic, formic, lactic) acids (Bolan et al., 1994). However, the 
effect of organic acids on P availability depends on soil properties. Adsorption 
of organic anions and the subsequent increase in negative charge are likely to 
be greater in soil dominated by variable-charge components such as Patua soil, 
so it is suggested that this maybe one of the reasons for the large decrease in P 
adsorption with organic acids addition in Patua soil (Bolan et al., 1994). 
Mineralization and immobihzation rates. Soil organic P has little value 
in plant nutrition unless it be mineralized into inorganic form. This process 
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depends on total P content of organic matter added. Shepard and Racz (1980) 
summarized that P immobilization will occur when the organic matter added to 
the soil has low total P (0 - 0.21%), whereas mineralization occurs when organic 
material containing high P (0.15 - 0.78%) is added to soil. Mineralization of soil 
organic phosphate increases if soil pH increases or C/P ratio decreases. 
Meanwhile, Tisdale et al. (1993) suggested that mineralization of P occurs if 
carbon/ inorganic P ratio is 200:1 or less, while immobilization occurs if carbon/ 
inorganic P ratio is 300:1 or more. They also stated that concentration of P 
about 0.2% is critical in the mineralization of organic P; immobilization will 
occur if soil P concentrations less than this value. Nevertheless, P 
immobilization is a minor process compared to P fixation in soil and it has 
insignificant effect on plant nutrition. 
Microorganisms have an important role in mineralization of organic 
matter and partitioning P into various organic fractions to supply 
orthophosphate into the soil solution during the growing season (lyamuremye 
and Dick, 1996). Microbial activity may influence the amount of P in solution 
through biological immobilization-mineralization and solubilization of P by 
acidic compounds produced by microorganism (Larsen, 1967). Microbial 
activity seems to be inducible when P is in short supply. 
Plants also influence P availability indirectly through modification of soil 
acidity in rhizosphere, and organic acids produced in root exudates. Some 
species have roots that are capable of modifying soil properties such as soil 
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structure directly and indirectly increasing nutrient availability by improving 
soil/root contact and by chemical extraction (Clarkson, 1985). He also found 
out that in P-deficient soils, some species such as Lupinus albus, Fagopyrum 
esculentum, and Brassica napus were able to increase P available to the roots 
up to ten times through acidifying its rhizosphere by simple proton extrusion. 
In addition, P deficiency frequently leads to increased cellular levels of 
phosphatase enzymes that may leak out into the cell walls and surrounding 
medium where Pi may be released by hydrolysis of phosphate esters. 
Phosphorus Supply, Uptake, and Transport in Plant 
In the soil, P can be moved in three ways; (1) with flowing water (mass 
flow), (2) by thermal movement along a concentration gradient (diffusion), and 
(3) by the action of soil organisms. Plant roots absorb P from the deeper parts 
of the soil and then release it to the topsoil. In mass flow, the amount of P 
transported depends on water movement and P concentration in the soil. 
Movement by mass flow will be important when soil solution contains high 
concentration of P, but since the concentration of P is generally low so that the 
movement by mass flow normally is insignificant (Larsen, 1967). Phosphorus 
moves from high concentration to low concentration by diffusion, and this 
movement is influenced by soil capacity factor, ionic interaction and soil 
moisture content (Larsen, 1967). In general, most of P movement occurs by 
diffusion (Bieleski, 1973; Shepard and Racz, 1980). 
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In terms of plant uptake, it is common to partition P into pools based on 
their potential to supply inorganic orthophosphate to plants. These pools are 
soil solution P, labile P, and nonlabile P. Phosphorus reserve that can supply 
soil solution orthophosphate for root uptake is called labile P, while nonlabile P 
is P pool that very slowly provides soil solution with orthophosphate. 
solution P < ^ labile P < ^ nonlabile P 
Phosphorus in soil solution is the immediate source of P for plant, and as it is 
taken up by plant, labile P will be converted to soil solution, while nonlabile P 
will supply P in long term so that the supply of P to the plant depends on P 
concentration in soil solution and soil factors which maintain it. 
In general there are four factors influencing P supply to the plant. These 
include (1) intensity factor, a measure of P concentration in solution; (2) 
capacity factor, the quantity of P capable of replenishing P in the solution 
(labile P); (3) kinetic factor, described as the rate at which the P in solution is 
replenished jfrom the solid phase; and (4) diffusion factor, the rate at which the 
absorption zone is replenished from nearby soil solution (Larsen, 1967). 
Raising Pi concentration in the soil will improve Pi supply to the plant roots in 
two distinct ways, i.e. by increasing the amount of P available and the most 
important is by increasing its rate of diffusion (Bieleski, 1973). 
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Phosphorus uptake bv plants 
In nutrient uptake, nutrients in the soil solution crosses the root from 
the epidermis of the root via the apoplast, transmembrane, and symplast 
pathways. In apoplast pathway, water or nutrient moves exclusively through 
the continuous system of cell wall and intercellular air spaces in plant tissue 
without crossing any membranes, while in transmembrane pathway, water 
enters a cell on one side and exits on the other side. Meanwhile, in the 
symplast pathway, water or nutrient flows from one ceil to the next through 
plasmodesmata, a cytoplasmic bridge between plant cells, without crossing 
plasma membrane (Figiure 2) (Taiz and Zeiger, 1991). In general, soil solution 
contains 2 \iM Pi while plants contain 5-20 mM Pi. Large part of the increase in 
P concentration occurs within the root since Pi in xylem sap is about 20 - 100 
times more concentrated than that in soil solution (Bieleski, 1973). The 
important absorbing surface of plant root is the young tissue near the root tips. 
In this root tip, relatively high concentration of P is accumulated, followed by a 
zone of lesser accumulation where cell are elongating and then by second 
region of higher concentration where root hairs are developed (Brady, 1990). 
Although free diffusion across plasmolemma is the prominent feature of 
recent models for plant uptake kinetics of solute such as sugar, amino acid, 
and K, Nandi et al. (1987) showed that phosphate uptake was not a diffusion 
process, but it does not necessarily mean that phosphate uptake is active, only 
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Figure 2. Pathways for water uptake by root 
it is a carrier-mediated process. A report summarized by Bieleski (1973) 
showed that P entry to the tissue at 10 mM Pi is still by means of some sort of 
active pump, while Clarkson (1985) in his review stated that the absorption of 
phosphate and other anions may be via a proton cotransport mechanism. 
Most Pi enters the root through root hairs or outermost cell layer, while 
the inner cortical cell only contributes when the transpiration flow or the Pi 
concentration is very high. Phosphate moves radially across the root to the 
endodermis via transpiration stream through the "outer free space" located in 
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the wall of epidermal and cortical cells, and the intercellular films of moisture, 
while phosphate taken up into symplasm moves by division and protoplasmic 
streaming (Ozanne, 1980). Inorganic P moves across the cortex in the 
symplasms, while direct diffusional movement of Pi firom soil to stele via the 
apparent free space is halted at the endodermis by the casparian band, the 
hydrophobic layer encircling the stele (Bieleski, 1973; Ozanne, 1980). 
The last step in Pi uptake from soil to xylem is the unloading P from the 
symplasm into xylem vessels, in which the movement involves some sort of 
pump (Ozanne, 1980). The requirements for this pump are different compared 
to the accumulating pump in the cortical cell since it need not function against 
a concentration gradient. The Pi concentration in cortical cells and their 
cytoplasm is higher than that in the xylem stream (Bieleski, 1973). 
Summarized from several publications, Marschner (1995) showed that there 
are two-pump models in ion transport from external solution into xylem (Figure 
3). 
Phosphorus uptake rates varied considerably, depending on many factors 
includes all factors that affect P concentration near plant roots, age of plant 
and its species, plant yield, supply of other nutrients and environmental 
conditions. Phosphorus concentration in soil solution affects P uptake so that 
application of fertilizer will increase P uptake by plants. By using wheat plants 
grown in small pots, Lewis and Clark (1967) found that application of 
phosphate of 150, 300, 600, and 2400 mg P/kg soil increase rate of phosphate 
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uptake into plant top during 2-12 week as 65, 135, 290, and 530 P/plant/day 
respectively. Ozanne (1980) also found that at high level of applied P. the rate 
of movement could be increased 1000-fold. Nevertheless, the plant yield 
obtained by high P application might be due to the increase in available water 
as well as high available P for plant. 
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Figure 3. Model for symplasmic (1) and apoplasmic (2) pathways of radial 
transport of ions across the root into the xylem. Key: "e^,active transport; 
resorption (Modified from Lauchli, 1976a.) 
Mycorrhizas have important roles in P uptake especially in P-deficient 
soils. The present of mycorrhizas increase plant growth several times, reduce 
P-deficient ssnnptoms, and increase P content of the host plant since 
mycorrhizal hyphae present a larger surface area for absorption or explore a 
larger volume of soil compared to root alone (Bieleski, 1973). However, in his 
review Bieleski (1973) reported that P uptake by mycorrhizas is more sensitive 
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to metabolic inhibitor, low oxygen concentration, or chilling condition. The 
fungal infection correlated with P status negatively, and carbohydrate of host 
plant positively. Phosphorus-deficient plants may release much larger amount 
of sugar and specially amino acid into the rhizosphere in some condition, which 
might stimulate the growth of microorganisms include the germination of 
spores and early development of hyphae of the fungal symbiont (Clarkson, 
1985). Inorganic P from the soil solution is absorbed by external fungal hypae. 
transported across the fungal plasmamembrane by a 2 proton/Pi symport. 
The forms of P influences the rate of P uptake. Phosphorus is absorbed 
by plant roots mainly as monovalent dihydrogen ion H2P0-. Inorganic P 
uptake is most rapid at a pH where most of P present as HaPO", and as the pH 
increase, the HPO-2 will increase so that the uptake of Pi declines. 
Another factor that affects P uptake is the cations present in soil 
solution. In his review Bieleski (1973) stated that the cation present in soil 
solution can change Pi uptake by a factor of 3, in which the higher the valency 
of the cation, the greater the Pi uptake so it is suggested that the cation binds 
to the cell surface and effects the ease with which Pi can approach the 
accumulation sites. 
Draught condition also has effect on Pi uptake since plasmolysis 
apparently breaks the plasmodesmata resulting in a change from accumulatory 
symplasmic transport to passive, free space transport. The biggest barrier of 
the symplasm movement is at the pit where the c3^oplasm narrows to 
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plasmodesmata, where its cross section is less than 2% of cell wall. As a 
consequence, the transport of Pi is stopped if the strands have been broken by 
plasmolysis, even when the cell is no longer plasmolyzed. As a result, after 
drought period, Pi uptake declines and transport into the xylem stream is so 
greatly affected that Pi concentration in the xylem is no higher than in the 
external medium (Bieleski, 1973). 
From the plant stand point, the geometry of root system has significant 
effect on determining the ability of plant to uptake P, in which the more roots, 
the more P can be taken up; so that plant with finer roots, large surface areas 
and greater root length per unit weight should be able to draw Pi fi:om a bigger 
volume of soil and increase the P uptake (Bieleski, 1973). Later, in his review 
Ozanne (1980) stated that the length of the root, and maybe also the length of 
root hairs have the most important role in P uptake. When the length of roots 
available to absorb each unit of P needed in the plant tops increased, the level 
of P fertilizer required by plant decreased. 
Phosphorus transport in plants 
Water and mineral move from root system to the leaf through tracheary 
elements that consist of tracheids and vessel member in the xylem, while 
translocation of the product of photosynthesis from matxire leaves to areas of 
growth and storage includes root occvtrs through phloem which consist of sieve 
elements and sieve cells. 
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Once P is absorbed by plant root, it will be translocated rapidly to all 
parts of the plant. Phosphorus moves upward in the xylem and moves 
downward in the phloem. By introducing phosphate-32P in pumpkin leaves, it 
was found that Pi is the primary form in which P moves into phloem, although 
all of the organic compounds that have been involved in P translocation such as 
phosphoryl chorine, glucose 6-P, glucose 1-P, fructose 1,6-diP, UDPglucose, and 
adenosine triphosphate (ATP) were present in the sieve tube exudate and 
labeled with and that sieve tubes are metaboUcally active (Bieleski, 1969). 
Inorganic P readily moves from xylem to the phloem, in which the final 
entry of Pi into the phloem cells can involve movement against a gradient 
concentration into sieve tubes that usually contain 3 mM and as high as 30 mM 
P. However, it does not mean that P cannot move freely in the plant because P 
is one of the most mobile nutrients, and individual P atom can make several 
circuits through the plant (Bieleski, 1973). 
In his review, Bieleski (1973) stated that by feeding to the leaf, 
much of P redistribution occurs from the leaves and over 50% of the Pi applied 
to the leaf surface can be taken up by plant to relieve deficiency symptom and 
supply plant needs. Phosphorus moves through the mesophyll cells into the 
fine vascular bundles as consequence of active accumulation and transport by 
vascular tissue. After Pi enters the phloem in the veins, it is transported up to 
80 cm/hr out of leaf through the petiolar phloem. In the stem, there is large 
contact area between xylem and phloem so that up to half the 32P can pass 
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from phloem into the xylem parenchyma cells although it does not move so 
readily into the xylem sap. 
Because P is a mobile element, the pattern of distribution in plant is 
determined by the properties of the source and sink rather than those of the 
transport system, in which the natural sinks of P in the plant Eire the 
meristematic and expanding tissues, while the sources are the mature and 
senescent tissues. Most of the P moves to the young developing leaves, flowers, 
fruit, or the bud itself, and small portion of P also moves down to the root, jfrom 
where it can be remobilized to move up to the stem again (Bieleski, 1973). 
There are two factors that influence the behavior of the sinks, i.e. 
hormone and P-deficiency effects. As an example, cytokinin application to the 
senescing leaf causes treated tissue to become a sink (Bieleski, 1973). The root 
of a P-deficient plants generally retain more P and transport much less P so 
that in P-deficient soils, root growth is maintained at the expenses of shoot 
growth, causing the decreased of shoot/root ratio, and also bud growth is 
maintained at the expense of the rest of the plant. When plants get high P 
supply, large proportion of the absorbed P will be accumulated and retained in 
the leaves and stem until senescence. There is a significant effect of water flux 
across the root and into the xylem on the rate of P transferred to the xylem and 
thus upward to the shoot. The increase of transportation stream by 
introducing more rapid movement of P across the symplast may dilute P 
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concentration within it and so favors P transfer to the shoot rather than 
accumulated in the vacuoles of the root cells (Ozanne, 1980). 
Biotechnology By-products and Animal Manures 
An important source of phosphate fertilizer is rock phosphate containing 
the mineral apatite, Caio(P04)6(F,Cl,OH)2. This mineral can be present in 
several forms such as chloro-, carbonato-, fluoro-, and hydroxyapatite. Rock 
phosphate can be used directly as fertilizer or commonly treated either by using 
heat or acid. As a result, phosphoric acid, superphosphates, ammonium 
phosphates, calcium metaphosphate are commecially available. In addition, 
bacterial phosphate is commonly used in the former Soviet Union and the 
European countries to increase the plant availability of native and applied soil 
phosphorus. The use of phosphobacterin has important value in increasing 
crop yields in the former Soviet countries which have limited chemical 
fertilizer, but this bacterial phosphate fertilization is not applicable for large 
scale (Tisdale et al,, 1993), especially for the countries having high chemical 
fertilizer application. 
Organic materials that have potentials as sovurces of P are biotechnology 
by-products. Rapid development of biotechnology industries have produced 
increased amounts of by-products with potential for use as source of N and P 
for plant. These by-products are generated from fermentation processes using 
selected or bioengineered microorganisms that synthesize specific compounds 
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such as certain amino acids (Zhu at al., 1995). These industries are involved in 
production of enzymes, amino acids, glutamate, and other products by using 
corn, soybean, and other raw materials. 
Animal manures have been important soiorces of nutrients in agriculture 
for centuries. Although animal manures are applied mostly as sources of N, 
because of the high concentration of P in animal manures, they are often used 
as P sources for plant. Increases in poultry production due to increases in 
demand of low-cholesterol meat have led to rapid development of poultry 
industry. This condition has evolved environmental concern about disposing of 
poultry wastes with respect to non-point source pollution because there is 
excessive manure supplies in certain areas (Moore et al, 1995). 
Returning biotechnology by-products and animal manures to the land is 
a wise conservation practice that not only reduces the need for additional 
inorganic fertilizer, but also simultaneously provides organic matter essential 
for sustainable agriculture (Brady, 1990). 
Production and properties 
There are no data available concerning biotechnology by-products 
produced every year in USA. However the increasing demand of biotechnology 
products in the market certainly will increase by-products generated by 
biotechnology industries. Depending on the type of raw materials and the 
nature of the processes involved, biotechnology by-products Eire produced as 
27 
solid material, slurry, or liquid with high variability of its nutrient content. 
Studies by Zhu et al. (1995) showed that by-products contain abundance of 
organic C and inorganic N, P, and S; with insignificant concentration of heavj' 
metals. In addition Karmarkar and Tabatabai (1991) found that biotechnology 
by-products also contain water-soluble organic acids. 
Large quantities of animal manures are generated each year; each 1,000 
kg live weight of farm animal can produce 4 Mg of manure annually. It is 
estimated that the total quantity of manure produced in the USA is more than 
2 billion Mg annually, 1 billion of it is produced in feedlot or giant animal 
complexes (Brady, 1990). 
Nutrient contents of manure vary considerably depending upon 
composition of the diet fed, system and length of storage time, water content, 
bedding, or feed spillage in the manure (Sutton, 1994). In addition, Eghball 
and Power (1994) stated that there are several factors that also affect mineral 
composition of animal manvure such as animal size and species, ration feed, 
housing and rearing management, manure storage, and climate. Nevertheless, 
Brady (1990) stated that in general one metric ton of animal manure contains 
5-15 kg N, 0.6-3.1 kg P, 2.9-8.6 kg K, and other macro and micronutrients. The 
moisture content of fresh manure is high, about 60-80%. 
Broiler litter is considered the most valuable animal manure for 
fertilizer purposes since it has high macro- and micronutrients content such as 
N, P, K, CI, Ca, Mg, Na, Fe, Mn, Zn, Cu and As. Broiler litter is mixture of 
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maniire, wasted feed, feather, bedding material, and ash. Bedding materials, 
typically include wood chips, sawdust, peanut hulls, wheat straw, and rice 
hulls, are used to absorb liquid fraction of excreta (Moore et al., 1995). 
System and length of storage primarily affect N content. More NH^^-N 
and less organic N are found in long-term storage such as lagoon systems, but 
more NH4'^-N will be volatilized as NHa into atmosphere as the length of 
storage increased (Sutton, 1994). Nitrogen losses are highly variable (0 to 50%) 
and depend on several factors including type of storage (EghbaU and Power, 
1994). Phosphorus and K are not lost due to land application unless there is 
runoff from an uncovered feedlot, so that feedlot runoff contains N, P, and K 
that can be collected and used to irrigate cropland (Sutton, 1994). 
Different methods of handling and storage have different effects on the 
amount of nutrient losses from animal manxire. Handling systems of poultry 
manure consist of removal of manure from poultry houses, pretreatment, and 
transport to the field. Sohd manure, a by-product of most broiler operation, 
contains more than 150 g dry matter kg-^ that make them amenable to solid 
waste handling systems. This material may be applied directly to the land or 
temporarily stored. Manure storage provides flexibility in timing of land 
application. This is important for synchronizing plant nutrient needs with 
nutrient released from manure, so that the risk for environmental 
contamination can be reduced when this material is land-applied. Dry storage 
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also reduces the risk of contamination as compared to exposed manure piles 
(Moore et al., 1995). 
There are several methods to reduce nutrient losses from manure during 
handhng. Addition of water soluble phosphate fertilizers can reduce ammonia 
volatilization, but increases P concentration of the manure. Another method to 
reduce effectively ammonia volatihzation is by alum addition. Moore et al 
(1995) also stated that during intense rainfall, runoff of dissolved P can occur 
since poultry litter contains high concentration of water soluble P that often is 
in excess of 2,000 mg P/kg. Addition of flocculating materials such as Al, Ca, 
Fe compounds can reduce water soluble P from 2,000 ppm to less than 1 ppm 
(Moore and Miller, 1992). Eghball and Power (1994) suggested several 
methods to reduce N losses from chicken litter, such as more frequent cleaning, 
use of bedding, and use of additives to reduce volatilization and denitrification 
losses of N. These additives include nitrification inhibitors, urease inhibitors, 
acidifying material, and precipitants or stabilizers such as alum, cement kiln 
dust, or quick lime. 
Biotechnology by-products and animal manures disposal 
Disposal of biotechnology by-products have received more concern 
recently because most of this by-product is disposed in landfill or discharged 
into existing municipal water treatment plant. By increasing the amount of 
biotechnology by-product produced, continued disposal of this material in 
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landfill will create the potential problem of groundwater contamination with 
water soluble organic materials, while discharge into water treatment plant 
can be very expensive. As production of biotechnology by-product increases, a 
better alternative of its disposal is land application (Zhu et al., 1995). 
More than 90% of poultry manure is applied to agricultural land (Moore 
et al., 1995), in which based on USDA report United States has large amount of 
cropland, about 134 million ha, and 265 million ha of pasture and range land 
(Eghball and Power, 1994). Other methods of manure disposal are land filling, 
burning, refeeding, and converting to methane. 
Agriculture application of biotechnology bv-products and animal manures 
Biotechnology by-products and animal manures are important resources 
for crop production and soil sustainability because they contain macro- and 
micronutrients required by crops. These materials also provide organic matter 
for improving the physical, chemical, and biological soil properties. Proper 
application of these materials to agricultural land offers the best 
environmentally sound-method of disposal. Animal manure nutrient 
management plans must be developed to support this application. Complete 
information on maniire nutrient content, crop nutrient requirement, soil 
characteristics such as CEC, pH, N, P, K, and other nutrient contents; previous 
crop grown, amount manure applied on the field previously; are required along 
with method and time of application of the animal manure. 
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Poultry litter application increased soil pH, organic matter, plant 
nitrate-N; soil and plant total N; and soil and tissue extractable P, K, Ca. Mg, 
Cu, Fe, Mn, and Zn (Kingery et al., 1993). They also found that long-term 
poultry litter application caused accumidation of nutrients in soil and tall 
fescue pastures, but this accumvdation had no adverse effect on forage quality 
and quantity. As a source of N and P, application of poultry litter at 6 Mg 
ha-ly^•^ which contributed approximately 270 kg N and 90 kg P ha-iyri, 
increased N and P content of 5 cm soil surface from 13 and 9 mg kg-^ of NO3-N 
and Bray-I P respectively into 49 and 188 mg kg-^ of NO3-N and Bray-I P 
respectively (Sharpley et al., 1993). 
By using seven biotechnology by-products produced in Iowa, Zhu et al. 
(1995) found that application of these by-products increased dry matter and N 
yield of corn with increasing the rate of N in the by-products applied up to 500 
mg of total N per kg soil. The study by Karmarkar and Tabatabai (1991) also 
showed that addition or production of organic acids from biotechnology by­
products application in soil affected the microbial dynamics, leading to 
significant changes in rate of nitrification and possibly in other N-
transformation processes. 
Biological transformation will occur in soil following manure application. 
Depending on the C:N ratio of manure and soil, N can be mineralized, 
immobilized, absorbed by organic matrix, absorbed by soil constituents in the 
form of NH4'^, used to increased microbial activity, leached as NOa", or 
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converted to nitrous N gas and volatilized. As a result, most of the N from 
manure is lost from the soil and unavailable for plant use (Sutton, 1994). 
Biotechnology by-products and animal manures can be applied to soil 
surfaces or incorporated into the soil. Incorporation of by-products or animal 
manures will reduce odor and potential of nutrient runoff, besides large 
amount of N can be loss rapidly due to volatilization during surface-applying 
manure with irrigation system or tanker. In this case, Moore et al (1995) found 
that soil incorporation of manure with tillage increased their distribution in the 
root zone, and reduce N and P loss in surface and subsurface runoff compared 
to broadcast apphcations. 
Problems of biotechnology bv-products and animal manures application 
Manure management systems have received more attention from the 
livestock and poultry producers for two reasons; (i) to increase profitability with 
higher efficiency, and (ii) to handle environmental problems (Sutton, 1994). 
The main problems facing livestock and poultry industries are contamination of 
groundwater, eutrophication of surface water, the fate of heavy metal, 
pesticide, and pathogen in maniire. Other problems such as odor, air quality, 
etc. also need to be solved by livestock and poultry industry. 
Among agricultural activities, animal production is one of the major 
component of water pollution. Animal production can contribute to pollution 
problems in one of several ways. First, water pollution due to direct runoff 
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after field application of manure or by contaminated water firom open feedlots: 
due to direct runoff into poorly sealed wellheads; and due to leaching caused by 
excessive nutrient applications or leaking manure storage. Second, air 
pollution within buildings and during land application from odors and gasses 
evolved by manure decomposition, microbial agents, and dust from feed 
systems and the animals. Third, soil pollution can be caused by high rates of 
manure born-nutrients applied to the land that created nutrient imbalance 
(Sutton, 1994). 
Manure contains organic C and nutrients. If appHed appropriately, 
manure can increase CEC, water holding capacity, infiltration rate, soil 
structural stability, and soil nutrients. Inappropriate manure application can 
potentially cause water, air, and land pollution since manure contains salt, 
excess nitrate, heavy metals, pathogen, greenhouse gases, and undesirable 
microorganisms (Eghball and Power, 1994). 
Poultry litter in general is considered the most valuable of manures as 
fertilizer due to its low water content. However, soil salinity buildup due to 
excessive poultry litter applications under certain conditions has occasionally 
been shown to reduce germination and growth of corn (Moore et al., 1995). In 
addition, high nutrient content in manure specially N, P, and heavy metals 
may cause detrimental effect to the water quality. One of the primary health 
concerns is nitrate concentration in the groundwater. Ammonium accounts for 
> 95% of the total N released from poultry litter application, that usually is 
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converted to NOs'-N which readily moves with soil water (Robinson and 
Sharp ley, 1995). Infants younger than 3 months who consume water 
contaminated with high NO3-N are susceptible to methemoglobinemia, in 
which hemoglobin cannot perform oxygen transport (Sim and Wolf, 1995). The 
U.S. Environmental Protection Agency established 10 mg NO3-N L-^ as the 
maximum nitrate concentration in drinking water (Moore et al., 1995). 
The increase of N and P in surface water can enhance eutrophication. 
Eutrophication is an increase of the nutrient status of natural waters that 
causes the increased growth of algae or water plants, increased turbidity, 
depletion of dissolved oxygen, and general degradation of water quality. 
Decreased oxygenation is the main negative effect of eutrophication since low 
dissolved oxygen levels will seriously limit the growth and diversity of aquatic 
biota or even kill fish in extreme conditions (Sims and Wolf, 1995). In their 
review, they also summarized that the concentrations of 0.5 to 1.0 mg N L 
depend on N;P ratio in the water, are commonly used as threshold values for 
eutrophication, while eutrophication threshold for most P-limited aquatic 
systems ranges firom 10 to 100 |ag P L-^. 
Offensive odor is the main complaint against animal growers (Moore et 
al., 1995). Among other sources, this odor comes from the volatilization of NH3 
that also increases N losses. Poultry wastes may also contain meiny potential 
pathogens such as viruses, bacteria, etc. In this case, fecal coliform and 
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Escherichia coli are usually used as indicators of pathogens in water sources 
(Sim and Wolf, 1995). 
There are many factors that influence the form, concentration, and loss 
of N and P from surface of land-applied poultry litter. From the references, 
Robinson and Sharpley (1995) found that these factors depend mostly on the 
properties and management of the soil and land surface; the rate, method, and 
timing of litter application; and rainfall diiration and intensity. As example, 
manure application during heavy rainfall should be avoided. They also found 
that 60% of N and 40% of P released from poultry litter application during the 
five rainfalls was lost in the first rainfall. 
The implementation of effective best management practices (BMPs) may 
prevent adverse effect resulting from poultry manure application in 
agricultural land. These practices include: proper nutrient management using 
agronomic rates of N and P, correct timing and placement of manure, use of 
buffer zones between treated areas and waterways, and irrigation scheduling to 
limit groundwater contamination (Moore et al., 1995). 
Timing of manure application by considering crop uptake and nutrients 
losses due to runoff and volatilization is very important from agronomic and 
environmental point of view. Manure should be applied to provide nutrients, 
especially N and P, during active period of nutrient uptake and when nutrient 
losses are minimal. Considerable N will be lost before plants can utilize it 
when manure applied in the spring and fall prior to the growing season or after 
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harvest, unless the N is stabilized in soil. In this case, using nitrification 
inhibitors, to keep the N in ammonium form, increases management flexibility 
for land application because manure can be applied during fall, when soil is in 
better condition to handle heavy equipment and when the equipment and labor 
are more available (Sutton, 1994). 
By using simulated rainfall at different drying temperatures, Robinson 
and Sharpley (1995) found that total N present in the litter released as NHa 
during five rainfall events, due to volatilization, decreased from 22% at 4° C to 
18% for litter dried at 35° C, while there was an increase of P released as 
dissolved inorganic P from 8% at 4° C to 10% at 35° C. Therefore they 
suggested that poultry litter should be applied during active periods of crop 
growth in order to combine maximum agronomic productivity with minimum 
edge-of-field losses of N and P to surface and groundwater. 
Most manure application are based mainly on the management of N to 
minimize nitrate losses due to leaching, that led to an increase in soil P levels 
in excess of crop requirements due to the lower ratio of N:P in poultry manure 
added than in crops (Moore et al., 1995). In another study by Sharpley et al. 
(1993), they showed that a higher portion of P (72%) than N (44%) retained in 
soil profile, suggesting that higher N than P uptake by plants. Meanwhile, 
Sutton (1994) stated that manure application based on N content will over 
apply P and K and results in a buildup of these nutrients in soils. 
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Principally, rate of manure application depends on crop requirement of 
nutrients mainly N and P, and an environmental conditions. There is 
possibility soil buildup of salt, P, K, and other ions when manure is applied 
based on crop requirement of N in dry areas. Therefore Eghball and Power 
(1994) stated that manure application rates may best be determined based on P 
requirement of crop with additional commercial N fertihzer, in order to reduce 
environmental pollution specially nitrate leaching and P and N losses in runoff. 
The concentration of dissolved inorganic P released from the fresh litter 
is very high, about 2,000 times higher than 0.01 mg/L as the critical 
concentration associated with eutrophication (Edwards and Daniel, 1993), so 
that these high concentration of inorganic P have potential to enhance 
eutrophication (Robinson and Sharpley, 1995). Because of the large amount of 
accumulated P in soil associated with poultry litter application, it is suggested 
that P-loading criteria should be used as a fundamental component of litter 
application guidehnes (Kingery et al., 1993), and that management strategies 
of poultry application should be based on soil P rather than soil N, specially for 
soils susceptible to surface runoff losses (Sharpley et al., 1993). 
However, manure appUcation based on manure P content will require 
farmers to purchase commercial fertilizer N to supply most of their crop N 
requirement, especially for the farmers who depend on manure to supply most 
of their crop N requirement. Using a soil test P based strategy on land 
application may solve potential environmental problems, but create 
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unacceptable economic burdens on farmers (Moore et al., 1995). Nevertheless. 
Sutton (1994) suggested that rates of manure application should be based on 
the nutrient content in the manure and the plant nutrient requirement by 
considering other factors such as P and K soil test, and carryover of N from 
previous years of manure application. 
Rate of manure application should consider mineralization of organic 
nutrients during the growing season because of high organic N and P, and the 
residual effects of poultry manure should result in a reduction in the 
application rates for several years after initial application (Moore et al., 1995). 
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PART 1. BIOTECHNOLOGY BY-PRODUCTS AND ANIMAL MANURES 
AS SOURCES OF PHOSPHORUS FOR CORN 
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INTRODUCTION 
Phosphorus is one of the important nutrients required for plant growth. 
It is involve in most metabolic processes such as photosynthesis and as 
important part of structural component of phospholipids, coenzymes, nucleic 
acid, etc. In general, P is most known in reproduction of plant characteristics 
such as increase yield and quality of plant products. Obviously, P is essential for 
a lot of plant metabolic processes. 
There are several sources of P that can be used to supply P requirement 
for plant growth and development, such as: (i) commercial fertilizer, (ii) plant 
residue, (iii) human, industrial, and domestic waste, (iv) animal manures, and 
(v) native P soils (Brady, 1990). Application of animal manures to agricultural 
land has been done for centuries to supply macro- and micro-nutrients for plant 
growth. In addition, organic fertilizer such as animal manure also has an 
important role as soil amendment to improve soil structiu:e. 
Biotechnology by-products are waste material produced by biotechnology 
industries. These by-products have different properties compared to the other 
industrial waste material such as sewage sludge, in which biotechnology by­
product contain abundant organic N, P, S, and do not contain significant amount 
of heavy metals (Zhu et al., 1995). This biotechnology by-product has been 
reported as potential soizrces of N (Zhu et al., 1995) and P, especially bone meal 
(Baker et al., 1989; Klock and Taber, 1996). 
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The main concerns of biotechnology by-products and animal manures 
application to agricultural land are contamination of groundwater system and 
eutrophication of surface water. The increase of nutrients in surface water, 
especially P and N, can enhance eutrophication, a process that causes increased 
growth of algae and water plants, depletion of dissolved oxygen, and degradation 
of water quality. 
Biotechnology by-products and animsil manure appUcation mainly were 
based on N management, resulting in over application and build up of P. In 
turn, it will increase chance for water pollution specially for animal manure and 
biotechnology by-products that contain high P. Appropriate application of 
biotechnology by-products and animal manures will benefit plant growth, at the 
same time, reduce the pollution threat to groundwater and eutrophication of 
surface water system. Therefore, the objectives of this part of the research were: 
(1) to study the efficiency of P uptake from biotechnology by-products and animal 
manures on corn plant, (2) to compare the effect of biotechnology by-products, 
animal manures, and conventional P fertihzer on corn growth and yield of P, and 
(3) to assess the potential of several biotechnology by-products and animal 
manures as sources of P for corn. 
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MATERIALS AND METHODS 
Soils 
Three soil samples having low level of total P were used in this study. 
These were Clinton (fine, montmorillonitic, mesic Typic Hapludalfs), Gosport (fine, 
illitic, mesic Typic Dystrochrepts), and Grimdy soil (fine, montmorillonitic, mesic 
Aquic ArginoUs). The Clinton soil and Gosport soil were obtained firom a pasture 
under CRP in Mahaska County, Iowa; while Grimdy soil was obtained from a 
pasture under conservation in Marion Coimty, Iowa. Surface (0 -15 cm) samples 
were taken from each soil, passed through a 1.5 cm screen fitted with an electric-
powered shredder (Linding Manvifactoring Corporation). The moist, sieved soils 
were placed in polyethylene bags and stored at room temperature (ca. 23°C) in the 
Agronomy Greenhouse. A part of soil samples were air dried amd ground to pass a 
2-mm screen and a 80-mesh (180 p.m) screen for laboratory analyses. 
The properties of these soils are presented in Table 1. The pH values were 
determined by a combination glass electrode (1:2.5, soil:water or 0.01 M CaCh 
ratio). Moisture content was determined fi-om loss of weight after oven-drying at 
105°C for 36 hours. Total P was determined by the perchloric acid digestion 
method (Olsen and Sommers, 1982), while available P was determined by the 
Bray-I method as described by Bray and Kurtz (1945). Total N was determined by 
using Kjeldahl method described by Bremner and Mulvaney (1982). Organic C 
content was determined by a modified Mebius method (Nelson and Sommers, 
1982). The particle-size distribution was determined by using the pipette method 
Table 1. The properties of soils used 
pH Phosphorus Nitrogen 
Soil" H2O CaCb OrgC Total Bray-I Total NH4-N NO3-N Clay Sand 
gkg^' - mg kg > —- ... gkg^i — 
Gosport 5.8 4.9 15.9 331 1.6 1255 9.8 11.1 340 234 
Grundy 6.3 5.2 15.4 380 1.9 1093 5.7 5.1 300 11 
Clinton 6.1 5.7 16.4 472 3.3 1457 9.6 4.5 318 15 
" Gosport, fine, illitic, mesic Typic Dystrochrept; Grundy soil, fine, montmorillonitic, mesic 
Aquic ArginoU; Clinton, fine, montmorillonitic, mesic Typic Hapludalf. 
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(Walter et al., 1978). All analyses were carried out on < 2 mm samples, except 
those for total N, total P, and available P, which were performed on the < 80 mesh 
samples. 
Biotechnology By-products 
Five biotechnology by-products were selected to obtained wide ranges in 
total, inorganic P, and organic P values. These were agriculture waste activated 
sludge (Ag.WAS), base water (BW), corn stalk ash (CSA), steamed bone meal 
(SBM), and sterilized microbial biomass (SMB). Upon collection, these by­
products were stored in cool room at 4oC. A sample was taken from CSA, then 
ground to pass a 2-mm and a 80-mesh screen for laboratory analyses purpose. 
Meanwhile, SBM has very fine size (40 mesh), so that we only need to prepare 80 
mesh sample. Other by-products are liquid. The origin and properties of these 
by-products are presented in Tables 2 and 3. Solid content or moisture content 
was determined by loss of weight after oven-dr3dng at eS^C for 36 hours. Soluble 
orthophosphate-P in liquid by-products was determined by method as described 
by Olsen and Sommers (1982), while inorganic P of solid by-products was 
determined by placing 1.0 g of the material (<80 mesh) and 25 mL 0.5 iWH2S0.i 
in a plastic centrifuge with the screw cap, the soil-acid mixture were shaken for 
3 min and centrifuged for 30 s at 17,390 g (Dick and Tabatabai, 1977). The 
supernatant was immediately decanted, and an aliquot was taken for analysis 
by the method of Murphy and Riley (1962) after neutralization by using a few 
Table 2. The biotechnology by-products studied 
Material Abbr. Product Raw material Source 
Agricultural waste 
activated sludge 
Ag.WAS Corn sugar Corn grain Cargil Inc. 
Eddyville, lA. 
Sterilized mi­
crobial biomass 
SMB Enzymes Bacteria Genencor, Inc. 
Cedar Rapid, lA. 
Corn stalk ash CSA Fiu-fural Upper corn plant 
residue 
David Reinig Farm, 
Forthsmouth, lA. 
Base water BW Livestock 
feed 
Soap-stock derived 
&om soybean oil 
Feed Energy, Inc. 
Des Moines, lA. 
Steamed bone 
meal 
SBM Protein, 
Bone meal 
Bone Am. Protein Corp. 
Ames, lA. 
Table 3. Chemical properties of the biotechnology by-products 
Material 
pH Solid 
content Org. C 
Phosphorus 
Total Soluble Total 
Nitrogen 
NHi-N NO3-N 
- g L ' - % - g kg^i -
Ag.WAS 7.6 21 0 0.29 0.028 0.578 0.106 0.005 
SMB 4.7 62 0.89 1.4 0.47 3.872 0.428 0.008 
CSA 11.8 1.4'> 9.47 10.0 6.1b 0.353 0.002 0 
BW 1.1 249 2.49 11.7 4.7 1.934 0.080 0.004 
SBM 7.4 2.9« 29.90 110 74b 9.075 0.046 0.005 
" Water content (%). 
Inorganic P. 
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drop of 5 Af NaOH with p-nitrophenol as an indicator. Organic P was obtained 
from different between total P and inorganic P values. 
Animal Manures 
Three animal manures were used in this study, namely chicken, dairy, and 
swine manures (Table 4). The chicken manure was collected from ISU Povdtry 
Science, Ames, while dairy and swine manure collected from ISU Dairy Farm and 
Swine Nutrition Farm, Ames respectively. Upon collection, all manure samples 
were place in the weU-ventilated hood imtil dry, then ground to pass a 2-mm and a 
80-mesh screen. Properties of these manure samples are presented in Table 4. 
Moisture content was determined by loss of weight after oven-drying at for 36 
hours. 
Greenhouse Experiments 
The biotechnology by-products and manures were air dried and ground 
separately to pass a 2-mm sieve. To facilitate weighing a small amount of 
steamed bone meal, 100 g of glass beads (< 100 mesh) was mixed with 900 g of 
SBM, and an appropriate amoimt was weighed out to give concentrations of 50, 
100, 150, or 200 mg total P kg-^ soil. Monobasic calcium phosphate, 
Ca(H2P04)2.H20 was also mixed with glass beads in the ratio of 1:20 and weighed 
out to give the saune rates of P as the other fertilizers. All other materials were 
appHed without addition of glass beads. 
Table 4. Chemical properties of dried manures 
Phosphorus Nitrogen 
Water 
Manure pH® content Org. C Total Inor.P Total NH4-N NO3-N 
g - • g kg' 
Dairy 7.4 5.6 377 7.6 4.9 18.0 0.047 0.026 
Chicken 9.1 5.8 243 17.5 7.7 33.7 2.54 0.325 
Swine 5.2 6.7 503 23.8 12.0 25.2 3.17 0.080 
® pH manures, manure : water =1:5 
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The experimental design was a 9 x 5 x 3 factorial, where five rates of nine P 
sources (5 biotechnology by-products, 3 manures, and monobasic calcium 
phosphate) were apphed on three soils. The layout of these experiment was 
randomized complete block designs with three replications. 
One kilogram of soil (on an oven-dry basis) was mixed thoroughly on a 
plastic sheet with 0.56 g of CaS04.2H20, 5 mg of Fe as Fe-EDTA, and 5 mL of a 
nutrient solution containing: K, Mg, Mn, Zn, Cu, B, and S as recommended by 
AUen et al. (1976). To supply N for plant, depend on the treatment, 0 - 5 mL of 
urea-ammonivun nitrate solution was mixed with the soil to provide 500 mg N pof' 
(Table 5). Then, P fertilizer material was applied and mixed well with the soil, 
except for the Ag.WAS and SMB that were not mixed weU because these by­
products were liquid with very low percentage of solid. Plastic pots (11.5 cm deep 
by 11 cm diameter) were prepared by lining with double polyethylene bags to 
prevent fi:ee drainage. Soil sample was transferred to a plastic pot, then gently 
tapped the pot to allow the soil to settle down. Controls (without P) were included 
for each soil and crop. After potting, the soils were covered with plastic sheet to 
prevent evaporation and placed in bench based on result of randomization. The 
pot treated with Ag.WAS or SMB were left open for a few days to allow 
evaporation of the excess water, because these materials contain high amoimt of 
water. Then the soil and by-products were mixed after the moisture content was 
about 50% of the water-holding capacity. 
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A week after potting, the soils were watered with deionized water up to 0.3 
MPa (which was determined for each soil from the moisture tension curve). Then 
three corn (Zea mays L.) seeds (Pioneer hybrid # 3394) were planted per plot at 2.5 
cm below soil surface and the pots were covered with a plastic sheet. Three days 
after germination, plastic sheet is removed, then the plants were thinned to two 
plants per pot a week after germination. 
Plants were watered daily and the moisture was adjusted every week by 
weighing several pots randomly. Supplemental hghting was suppUed by 
suspended overhead lights to provide and additional 1250 mmol/m^/s of hght and 
Table 5. Sources and amounts of nutrients applied to all pots before planting 
Nutrient® Compound Amount apphed (mg pot-i) 
K K2SO4 140 
Mg MgS04.7H20 4.7 
Mn MnS04.H20 3.7 
Zn ZnS04.H20 4 
Cu CUSO4.5H2O 1.3 
B Na2B407. IOH2O 0.5 
N C0(NH2)2.NH4N03 100 
S MgS04.7H20 38.3 
Fe FeS04.7H20 5 
Ca CaS04.2H20 129 
®A11 nutrients were added as solutions, except Ca which was added as a solid. 
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was lit for 14 hoiirs/day. The miniTnnm and maximum temperatures in the 
greenhouse were measured daily. The average (+ range) for the maximum was 
27 ± 3 °C during the days and the minimum was 20 ± 3oC during the night. 
At 40 days of growth, the top portion of the corn was harvested by cutting 
the stalk at the soil level. After harvesting, soil sample was taken from each pot, 
then stored in cool room for soil pH measixrement. Plant sample was dried in a 
forced air drying oven at 65°C for 3 days, weighed and ground in a cyclone mill to 
pass through a 16-mesh (1.18 mm) screen. This dry sieved plant material was 
mixed thoroughly. 
Plant Analyses 
Total P contents of plant samples were determined by a modification of the 
method described by Sommers and Nelson (1972). In this method, 200 mg of 16-
mesh sample was treated with 3 mL of concentrated nitric acid in the 75-mL 
digestion tube then allowed to stand overnight. The tube was placed in the block 
digester preheated at lOO^C for 15 min, then the tube was removed and allowed to 
cool prior to the addition of 3 mL of 70% perchloric acid. Digestion was done at 
203°C in the heating block until the solution cleared (approximately 70 min). After 
digestion, the tube was removed and allowed to cool down, then distilled water was 
added to make up a volume of 75 mL. Two mL aliquot was taken for P 
determination by using color development as described by Murphy and Riley 
(1962) after neutralization of the aliquot with dilute NaOH by using p-nitrophenol 
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as an indicator. The absorbance of the resulting blue color was measured by using 
a spectrophotometer adjusted to a wavelength of 720 nm. The concentration of K 
in an aliquot of the digest was determined by using atomic absorption 
spectrophotometer in emission mode at 766.5 nm wavelength. The concentrations 
of P and K of the ahquots analyzed were determined from coresponding standard 
cahbration curve. 
Total N of plant sample was determined by using the method of Nelson and 
Sommers (1973) that gives quantitative recovery of total N including NOs' in plant 
material. In this method, 100 mg of 16-mesh sample was treated with 4 mL of 
salicyhc acid - H2SO4 mixtxire (5 g salicyhc acid per 200 mL of H2SO4 added), then 
allowed to stand at 25oC for 2 hours prior to addition 0.5 g of Na2S203.5H20. The 
tube was placed in the block digester and heated cautiously at 185oC until frothing 
ceased (15 min), then the tube was removed and allowed to cool down prior to the 
addition of 1.1 g of salt catalyst mixture (100 g K2SO4:10 g CUSO4.5H2O : 1 g Se). 
Tube was place in the aluminum digester block preheated at 300oC and digested 
for 60 min. past the time of clearing (approximately 100 min). After digestion, the 
tube was removed and allowed to cool down, then distilled water was added to 
make up a volume of 75 mL. Ammonium-N in the digest was determined by steam 
distillation of an aliquot of the digest (10 mL) after treatment with 10 MNaOH 
(Bremner, 1996). All results reported are averages of duplicate analyses, and 
expressed on moisture-free basis. 
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In order to get objective conclusions and data interpretation, results 
obtained were analyzed by using the Genereil Linear Model (GLM) program of 
Statistical Analysis System (SAS) package (SAS Institute Inc. Car>', NC.). The 
least significant difference (LSD) were calculated at p<0.05 to compare the 
effects of the treatments. The contrasts were used to compare the effect of group 
of treatments. For convenience, the results obtained from this experiment wiU 
be discussed under subheading: dry matter yield, yield of P, percentages of P 
recovered, and soil pH. 
The yield of P was calculated from the dry matter yield and P concentration 
in plant material. The percentage of P recovered by plant was calculated by the 
difference method as follow : 
Percentage of applied P recovered = [(A-B)/C] x 100, where A and B are the 
yield of P in plants from pots that received P fertilizer and control, respectively, 
and C is the total amount of P applied. 
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RESULTS AND DISCUSSION 
Corn was used in this study as an indicator plant to assess potential use 
of biotechnology by-products and animal manure as sources of P for plant. 
Increasing biotechnology industry has generated various biotechnology by­
products that contain significant concentrations of macro- and micronutrients. 
Some biotechnology by-products contain very high concentration of N. This N 
concentration is so high that seeds will not germinate if these materials are 
applied based on P content. Openshaw (1968) found out that due to damaging 
effects of NHaCaq) on root growth and development, application of ammonium-
containing fertilizers at high rates reduces seed germination and plant growth 
and development. By using sudax grass, Charter (1994) found out that the 
maximum ammonium-N content that would not be detrimental to plant growth 
in greenhouse experiment was 750 mg N kg-^ soil. Therefore, the five 
biotechnology by-products used in this experiment were selected not just based 
on P content, but also by considering N content in the materials. Three animal 
manures used, dairy, chicken, and swine manures, were chosen over other 
animal manures because these animal manures contain high P concentration 
with acceptable N concentration and produced in large amounts in the USA. 
Individual results of the experiment by using corn as an indicator plant 
are presented in the Appendix (Table Al), Those data contain dry matter yield, 
total P concentration, 3deld of P, total N and K concentrations, and the soil pH 
55 
values after termination of the experiment. The mean values of dry matter 
yields, P concentrations, yields of P, the percentages of P recovered in corn top, 
percentages N, percentages K, and the soil pH values are presented in Tables 
6-12. The concentrations of N varied from 1% in dairy manure-treated Grundy 
soil (at 200 mg P kg-i soil) to 5.24% in the Clinton soil treated with 50 mg P 
kg-' soil as Ag.WAS, but in general there about 3% (Table 10), The percentages 
of K values varied from 1% in monobasic calcium phosphate-treated Gosport 
soil to 4% in the Clinton soil treated with Ag.WAS (Table 11). For convenience, 
the results obtained will be discussed under the subheadings: dry matter yield, 
yield of P, percentages of P recovered, and soil pH. 
Dry Matter Yield 
The analysis of variance and contrasts of several observations of corn 
and soils are presented in Tables 13 and 14. Statistical analysis presented in 
Table 13 shows that there were significant effect of source and rate of P 
application on dry matter yield. In general, increasing P application 
significantly increased the dry matter yield. Because there were interactions 
among sources of P, soils, and rates, LSD was calculated for each P rate and 
soils (Figures 4-7). 
Table 6. Effect of source and rate of P applied on means of drj' matter yield of corn tops 
Diy matter yield at rate of P applied (mg) per kg of soil specified" 
Gosport soil Grundy soil Clinton soil 
Source of P 50 100 150 200 50 100 150 200 50 100 150 200 
g pot"* 
Biotechnology by-products 
Ag- WAS 7.3 8.2 10.1 8.6 11.7 12.0 12.6 12.5 1.5 1.7 3.9 6.4 
SMB 11.8 16.5 17.3 17.9 10.9 14.0 17.2 17.0 11.7 15.4 15.7 19.6 
CSA 11.1 14.2 15.4 14.7 12.1 12.4 15.4 15.5 12.5 16.6 16.2 16.8 
BW 11.0 15.0 16.8 18.8 10.1 14.0 13.8 15.6 12.1 14.3 13.7 14.7 
SBM 7.4 10.9 13.9 13.6 8.1 12.2 14.2 16.7 9.7 12.9 13.2 13.6 
Animal manures 
Dairy 10.7 12.7 14.8 10.7 9.2 11.9 14.7 10.1 9.7 15.5 13.9 11.7 
Chicken 10.1 13.1 14.3 15.0 9.6 12.6 14.1 14.8 11.0 13.0 14.4 16.3 
Swine 9.9 12.9 16.1 16.0 8.5 14.0 15.3 18.3 11.7 13.9 17.1 15.5 
Inorganic P 
Monobasic calcium 9.5 13.0 14.5 16.7 8.3 13.4 14.6 15.7 12.1 14.7 14.2 15.4 
phosphate 
° Dry matter yield for control (0 mg P) are 2.02 g for Clinton, 2.33 g for Gosport and 1.64 g for Grundy soil. 
Least significant difference between treatments are 3.0 (p<0.05) and 3.9 (p<0.01). 
Table 7. Effect of source and rate of P applied on means of P concentrations of corn tops 
Concentration of P (%) of corn top at P applied (mg) per kg of soil specified" 
Gosport soil Grundy soil Clinton soil 
Source of P 50 100 150 200 50 100 150 200 50 100 150 200 
Biotechnology by-products 
Ag- WAS 0.12 0.15 0.11 0.14 0.11 0.16 0.18 0.20 0.08 0.09 0.11 0.11 
SMB 0.12 0.13 0.15 0.16 0.10 0.13 0.17 0.21 0.11 0.13 0.18 0.21 
CSA 0.13 0.15 0.16 0.19 0.09 0.13 0.16 0.20 0.11 0.12 0.17 0.21 
BW 0.14 0.15 0.15 0.18 0.11 0.15 0.21 0.23 0.11 0.15 0.20 0.24 
SBM 0.11 0.17 0.15 0.16 0.11 0.13 0.15 0.17 0.12 0.13 0.17 0.19 
Animal manures 
Dairy 0.12 0.17 0.19 0.28 0.11 0.16 0.16 0.29 0.11 0.12 0.17 0.28 
Chicken 0.14 0.18 0.22 0.20 0.11 0.12 0.16 0.17 0.12 0.11 0.13 0.16 
Swine 0.14 0.15 0.17 0.20 0.11 0.09 0.14 0.17 0.10 0.13 0.14 0.17 
Inorganic P 
Monobasic calcium 0.15 0.14 0.16 0.16 0.10 0.13 0.16 0.21 0.10 0.12 0.15 0.18 
phosphate 
® P concentration for control (0 mg P) are 0.10% for Gosport, 0.07% for Grundy, and 0.08% for Clinton soil. 
Least significant difference between treatments are 0.03 (/j<0.05) and 0.04 (/j<0.01). 
Table 8. Effect of source and rate of P applied on means yi(>lds of P in corn tops 
Yield of P at rate of P applied (mg) per kg of soil specified" 
Gosport soil Grundy soil Clinton soil 
Source of? 50 100 150 200 50 100 150 200 50 100 150 200 
mg pot"' 
Biotechnology by-products 
Ag- WAS 8.8 12.2 11.4 11.6 12.5 19.4 22.8 24.8 1.1 1.6 4.4 6.9 
SMB 13.9 20.7 26.6 28.9 10.9 17.6 28.1 36.0 12.8 18.8 28.5 40.3 
CSA 14.1 21.1 24.7 27.3 11.0 16.1 24.2 30.9 14.1 20.4 27.1 35.2 
BW 14.8 22.1 25.7 33.0 10.9 20.8 28.3 36.8 12.9 21.8 28.4 33.7 
SBM 8.2 18.7 20.2 21.6 8.8 15.9 21.4 28.6 10.9 16.6 22.6 25.9 
Animal manures 
Dairy 13.3 20.9 28.1 29.3 9.9 18.6 24.1 29.6 10.3 18.8 24.2 32.8 
Chicken 14.7 23.6 30.9 30.2 10.2 15.4 22.5 25.1 13.6 13.7 19.0 26.4 
Swine 14.1 19.1 28.1 31.6 9.0 12.3 20.9 30.5 11.8 17.7 23.0 26.8 
Inorganic P 
Monobasic calcium 13.9 18.7 23.5 26.0 8.3 17.0 23.4 33.2 12.5 17.2 21.7 27.3 
phosphate 
" Yield of P for control (0 mg P) are 1.52 g for Clinton, 2.26 g for Gosport and 1.16 g for Grundy soil. 
Least significant difference between treatments are 5.0 (p<0.05) and 6.6 (p<0.01). 
Table 9. Effect of source and rate of P applied on means of percentages of P recovered in corn top 
Percentage of P recovered at rate of P applied (mg) per kg of soil specified 
Gosport soil Grundy soil Clinton soil 
Source of P 50 100 150 200 50 100 150 200 50 100 150 200 
Biotechnology by-products 
Ag- WAS 13.1 9.9 6.1 4.7 22.8 18.3 14.4 11.8 0.0 0.0 1.9 2.7 
SMB 23.2 18.4 16.2 13.3 19.5 16.4 18.0 17.4 22.6 17.3 18.0 19.4 
CSA 23.6 18.9 15.0 12.5 19.6 14.9 15.4 14.9 25.2 18.9 17.1 16.9 
BW 25.0 19.8 15.6 15.4 19.5 19.7 18.1 17.8 22.8 20.3 17.9 16.1 
SBM 11.9 16.5 12.0 9.7 15.2 14.7 13.5 13.7 18.8 15.1 14.0 12.2 
Animal manures 
Dairy 22.1 18.6 17.2 13.5 17.4 17.5 15.3 14.2 17.5 17.3 15.2 15.6 
Chicken 24.9 21.3 19.1 14.0 18.0 14.3 14.2 12.0 24.1 12.2 11.7 12.4 
Swine 23.6 16.8 17.2 14.7 15.7 11.1 13.1 14.7 20.5 16.2 14.3 12.6 
Inorganic P 
Monobasic calcium 23.2 16.5 14.2 11.9 14.2 15.8 14.9 16.0 22.0 15.7 13.4 12.9 
phosphate 
Least significant difference between treatments are 4.1 (/)<().05) and 5.4 (/j<().()l). 
Table 10. Effect of source and rate of P applied on means of N concentration of corn tops 
Concentration of N (%) of corn top at P applied (mg) per kg of soil specified" 
Gosport soil Grundy soil Clinton soil 
Source of P 50 100 150 200 50 100 150 200 50 100 150 200 
Biotechnology by-products 
Ag- WAS 2.99 3.12 2.44 2.76 2.75 3.04 2.90 2.89 5.24 5.05 3.25 2.78 
SMB 2.85 2.65 2.76 2.84 2.82 2.55 2.63 2.87 3.20 2.87 2.93 2.72 
CSA 3.10 2.94 3.14 3.39 2.71 3.34 3.21 3.04 3.38 2.86 2.93 3.16 
BW 3.15 3.05 2.93 2.95 3.12 3.11 3.11 2.98 3.26 3.16 3.51 3.50 
SBM 3.56 3.27 2.81 3.18 3.16 3.03 2.89 3.06 3.24 3.27 3.30 3.33 
Animal manures 
Dairy 3.06 2.60 1.61 1.24 3.01 2.28 1.40 1.03 3.49 2.25 1.61 1.14 
Chicken 3.10 3.07 2.87 2.59 2.99 2.70 2.79 2.42 3.22 2.98 2.70 2.46 
Swine 3.28 3.09 2.65 2.84 3.12 2.82 2.63 2.27 3.23 2.89 2.68 2.81 
Inorganic P 
Monobasic calcium 3.49 2.94 2.89 2.82 3.28 3.10 3.00 2.94 3.02 2.94 3.32 3.19 
phosphate 
Oi 
o 
N concentration for control (0 mg P) are 4.51% for Gosport, 4.41% for Grundy, and 4.98% for Clinton soil. 
Table 11. Effect of source and rate of P applied on means of K concentral ion of corn tops 
Concentration of K (%) of corn top at P applied (nig) per kg of soil specified® 
Gosport soil Grundy soil Clinton soil 
Source of P 50 100 150 200 50 100 150 200 50 100 150 200 
Biotechnology by-products 
Ag- WAS 1.97 2.10 1.83 2.12 1.78 1.76 1.72 1.77 3.25 3.53 4.00 3.55 
SMB 1.38 1.31 1.36 1.18 1.87 1.43 1.41 1.68 2.53 2.07 2.07 1.96 
CSA 2.69 2.61 2.96 3.56 2.57 3.14 3.16 3.86 3.22 2.94 3.53 3.78 
BW 1.59 1.25 1.12 1.09 2.12 1.76 1.73 1.46 2.38 2.25 2.32 2.32 
SBM 1.90 1.47 1.10 1.12 1.90 1.53 1.34 1.26 2.76 2.15 1.95 2.12 
Animal manures 
Dairy 1.65 1.68 1.43 2.11 2.56 1.92 1.64 2.63 2.94 1.99 2.13 2.80 
Chicken 2.01 2.01 2.20 1.80 2.56 2.32 2.46 2.09 2.86 2.74 2.81 2.75 
Swine 1.76 1.56 1.31 1.28 2.67 1.68 1.57 1.39 2.22 2.22 1.84 1.80 
Inorganic P 
Monobasic calcium 1.62 1.15 0.99 0.93 2.32 1.58 1.41 1.26 2.41 1.85 1.90 1.70 
phosphate 
P concentration for control (0 mg P) are 3.08% for fiosport, 3.12% for Grundy, and 3.28% for (Clinton soil. 
Table 12. Effect of source and rate of P applied to corn on means of soil PH-H2O 
Soil pH at rate of P applied (mg) per kg of soil specified" 
Gosport soil Grundy soil Clinton soil 
Source of P 50 100 150 200 50 100 150 200 50 100 150 200 
Biotechnology by-products 
Ag- WAS 5.0 5.1 6.3 6.8 4.9 6.4 7.0 7.0 4.3 4.2 4.5 4.7 
SMB 5.1 5.2 5.2 5.2 4.3 4.6 4.8 4.8 4.3 4.5 4.6 4.7 
CSA 5.0 5.3 5.4 4.8 4.3 4.5 4.8 5.1 4.3 4.4 4.7 4.8 
BW 4.8 5.0 4.7 4.8 4.2 4.3 4.3 4.4 4.3 4.3 4.3 4.3 
SBM 4.7 4.8 5.1 5.2 4.4 4.4 4.4 4.6 4.2 4.3 4.4 4.5 
Animal manures 
Dairy 5.2 6.0 6.4 6.7 4.5 5.4 5.8 6.1 4.4 5.1 5.7 5.8 
Chicken 5.2 6.1 6.6 7.1 4.6 5.1 5.9 6.5 4.5 4.9 5.6 6.2 
Swine 
Inorganic P 
Monobasic calcium 
phosphate 
4.9 5.2 5.6 
4.8 4.9 5.0 
5.6 
5.0 
4.2 4.6 4.9 5.1 
4.2 4.3 4.5 4.5 
4.3 4.5 4.8 5.0 
4.3 4.5 4.5 4.5 
® PH-H2O for control (0 mg) are 4.7 for Gosport, 4.17 for Grundy, and 4.22 for Clinton soil, 
l^ast significant difference between treatments are 0.28 (j) <0.05) and 0.37 (p <0.01). 
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Table 13. Analysis of variance of effects of biotechnology by-products and 
animal manures on several properties of corn top and soil 
Source Dry Yield P Soil 
of variation matter® Total P o f P  recovered pH 
Block F value 97.1 1.5 90.2 100.9 36.9 
Significance level ns ** ** 
Source of P F value 47.6 20.6 51.9 51.5 260.6 
Significance level -kit ** ** ** ** 
Rate F value 109.7 267.5 453.2 83.7 326.0 
Significance level •kit kit ** kic kic 
Soil F value 0.8 10.6 5.7 4.9 504.1 
Significance level ns ns ** ** 
P X Rate F value 2.7 8.0 4.0 i.5 25.3 
Significance level ** ** kic ns ** 
P X Soil F value 10.2 10.0 14.0 18.2 40.6 
Significance level kit ** ** ** kit 
Rate X Soil F value 1.4 11.1 7.7 7.3 4.9 
Significance level ns ** ** kic Hr* 
P X Rate X Soil F value 1.0 1.4 1.0 1.8 3.6 
Significance level ns ns ns ** ** 
**, *, and ns are significant at p< 0.01, 0.05, and non significant, respectively. 
Biotechnology by-products 
In general, biotechnology by-products produced dry matter yields 
significantly greater than those produced by the control pot (no P added), but 
were not significantly different from those produced by conventional P fertilizer 
and animal manures (Table 14). Different sources of P had different effect on 
dry matter jrield, depending on the rate of P and soil used. The different 
responses of corn dry matter jdelds to biotechnology by-products are perhaps 
due to different in types and concentration of organic acids in each of the 
biotechnology by-products evaluated. It has been shown that biotechnology by-
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Table 14. Effect of source of P on means of several parameters of corn and soil 
Source Dry Yield P Soil 
of variation matter® Total P ofP recovered pH 
g pot-i 1 1 1 gpot-i 
Control (CO) 2.0 0.08 1.6 - 4.4 
Biotechnology by-products (BB) 
Ag.WAS 8.0 0.13 11.5 8.7 5.5 
SMB 15.4 0.15 23.6 18.3 4.8 
CSA 14.4 0.15 22.2 17.7 4.9 
BW 14.2 0.17 24.1 19.0 4.5 
SBM 12.2 0.15 18.3 13.9 4.6 
Animal manures (AM) 
Dairy 12.1 0.18 21.7 16.8 5.6 
Chicken 13.2 0.15 20.4 16.5 5.7 
Swine 14.1 0.14 20.4 15.9 4.9 
Inorganic fertilizer (CP) 
Monobasic 13.5 0.15 20.2 15.9 4.6 
calcium phosphate 
Contrasts 
CO vs. All P Estimate -! 11.0 -0.07 -18.7 - -0.6 
Significance level ** ** ** ** 
CP vs. BB+AM Estimate 0.6 
o
 
b
 1 -0.05 0 -0.4 
Significance level ns ns ns ns ** 
CP vs. BB Estimate 0.7 0 0.28 0.4 -0.2 
Significance level ns ns ns ns ** 
CP vs AM Estimate 0.4 -0.01 -0.62 0.5 -0.8 
Significance level ns ns ns ns it-k 
BB vs AM Estimate -0.3 -0.01 -0.90 -0.8 -0.6 
Significance level ns ** * * ** 
" **, *, and ns are significant at p< 0.01, 0.05, and non significant, respectively. 
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products contain different kind of organic acids, sugars, proteins, and several 
enzymes (Martinez and Tabatabai, 1997). Many researchers reported that 
organic acids increased the availability of soil P and rock phosphates added to 
soils. These organic acids are very effective in preventing the precipitation of P 
by Fe and A1 so that P wiU be more available for plant uptake (Kpomblekou-A 
and Tabatabai, 1994; Joseph et al., 1951). 
At 50 and 100 mg P kg-^ soil application, all biotechnology by-products, 
except Ag.WAS in Clinton soil, produced greater dry matter yields than those 
produced by the controls (no P added); and greater or similar to those produced 
by conventional P fertilizer. Among biotechnology by-products, CSA, SMB, and 
BW produced dry matter yields that were relatively greater than those 
produced by Ag.WAS and SBM (Figures 4-5). 
Similar with those at lower rates of P application, at 150 mg P kg-i soil 
application, all biotechnology by-products produced greater dry matter yields 
than those produced by the control pots of all soils. Except Ag.WAS in Clinton 
soil, other biotechnology by-products produced dry matter yield similar or 
greater than those produced by calcium phosphate. Dry matter 5deld decreased 
in the following P treatment order: SMB>BW>CSA>calsium phosphate> SBM> 
Ag.WAS for Gosport soil, SMB> CSA> calcium phosphate>SBM>BW>Ag.WAS 
for Grundy soil, and CSA> SMB> calcium phosphate>BW>SBM>Ag.WAS for 
Clinton soil (Figure 6). 
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At highest rates of P (200 mg P kg-^ soil), all biotechnology by-products 
produced greater dry matter yields than those produced by control pots of all 
soils. Ag.WAS application produced the lowest dry matter yield compared to 
those produced by other biotechnology by-products. Several biotechnology by­
products, such as BW on Gosport soil and SMB on Clinton soil produced greater 
dry matter yields than those produced by calcium phosphate. At the highest 
rate of P, dry matter yield decreased in the following P treatment order; BW> 
SMB> calcium phosphate>CSA> SBM> Ag.WAS for Gosport soil, SMB> 
SBM>calsium phosphate>BW>CSA> Ag.WAS for Grundy soil, and SMB> 
CSA> calcium phosphate>BW>SBM> Ag.WAS for Clinton soil (Figure 7). 
Application Ag.WAS to Clinton soil produced low dry matter yield that 
did not different significantly with control. When added to Clinton soil, 
Ag.WAS destroyed the soil aggregates. It is suspected that poor soil structure 
and low available oxygen in the soil inhibited root growth and contributed to 
low dry matter yield. Another possible reason is nitrite toxicity, because 
Ag.WAS had pH=7.6 and it was applied at relatively large volume of liquid. As 
Alexander (1965) reported, at high pH, the oxidation reaction of nitrite to 
nitrate during nitrification of ammonium can be inhibited, causing nitrite 
accumulation that inhibits plant growth and development. 
Plant growth response to the five biotechnology by-products tested are 
illustrated in Figures 8-12. These response curves demonstrate considerable 
differences among the biotechnology by-products in their ability to supply 
24 
21 
18 
15 
12 
9 
6 
3 
0 
Gosport soil 
Y = 2.531 + O.IOOX - 3.453e-4x2 
R2 = 0.783 
o 
o 
Grundy soil 
Y = 2.6868 + 0.160X - 5.751e-4X^ 
= 0.854 
- Clinton soil 
Y = 2.005 - 0.023X + 2.2768-4x2 
= 0.719 
-
O 
-
Y ° 
1 1 1 1  
0 50 100 150 200 0 50 100 150 200 0 50 100 150 200 
P added (mg P kg'^ soil) 
re 8. Effect of rate of P of agricultural waste activated sludge (Ag.WAS) on dry matter yield of corn 
tops produced on the three soils. Solid circles are means of three replications 
24 
21 
18 
15 
12 
9 
6 
3 
0 
Gosport soil 
-o-
Y = 2.742 + 0.197X - 6.192e-4X' 
= 0.924 
Grundy soil 
Y = 2.071 + 0.181X - 5.336e-4X^ 
= 0.871 o 
o 
Clinton soil 
Y = 2.908 + 0.164X - 4.254e-4X^ 
R^ = 0.792 
O 
0 50 100 150 200 0 50 100 150 200 0 50 100 150 200 
P added (mg P kg'^ soil) 
2 9. Effect of rate of P of sterilized microbial biomass (SMB) on dry matter yield of corn tops produced 
on the three soils. Solid circles are means of three replications 
24 
21 
18 
15 
12 
9 
6 
3 
0 
0 50 100 150 200 0 50 100 150 200 0 50 100 150 200 
P added (mg P kg'^ soil) 
Figure 10. Effect of rate of P of corn stalk ash (CSA) on dry matter yield of corn tops produced on the three 
soils. Solid circles are means of three replications 
Gosport soil 
Y = 2.615 + 0.165X - 5.152e-4x2 
R2 = 0.762 
O 
o 
Grundy soil 
Y = 2.712 + 0.2()5X - 6.91()e-4X^ 
= 0.885 
O o 
Clinton soil 
Y = 2.748 + 0.177X - 5.954e-4X^ 
O R^ = 0.891 
24 Gosport soil 
o 
21 . Y = 2.823+ 0.167X -4.475e-4X' 
= 0.839 
15 
12 
18 
o Pi 
•n 
r—H 0) 
-tj 
"S 
fl 9 
6 
3 
50 
O 
100 150 200 
Grundy soil Clinton soil 
- Y = 2.2191 + .1630 - 4.9790e-4 - Y = 2.982 + 0.174X - 5.995e-4X^ 
R2 = 0.831 o = 0.744 
o o 
o 
Q ^  0 • X * 8 /  • ^ 
° / ° 0 o 
1 
fY °  
- / 
/o ° 
• i  
1 1 1 1 1 
" 
0 50 100 150 200 
P added (ing P kg'^ soil) 
50 100 150 200 
Figure 11. Effect of rate of P of base water (BW) on dry matter yield of corn tops produced on the three 
soils. Solid circles are means of three replications 
24 
21 
^ 18 
I 
o p< 
^55 15 
TJ 
r-H 0) ^
 12 
Gosport soil 
Y = 2.205 + 0.122X - 3.207e-4X^ 
= 0.867 
o 
o 
o 
-9 
o 
Grundy soil 
Y = 1.884 + 0.130X - 2.86e-4X2 
ir = 0.851 
o 
Clinton soil 
Y = 2.456 + 0.153X - 4.955e-4X^ 
= 0.820 
50 100 150 200 0 50 100 150 200 0 
P added (mg P kg"l soil) 
50 
o 
o 
o 
100 150 200 
Figure 12. Effect of rate of P of steamed bone meal (SBM) on dry matter yield of corn tops produced on the 
three soils. Solid circles are means of three replications 
76 
plant-available P. In general, increasing the rate of P application increased dry 
matter yields up to a certain point, then it remained constant or even 
decreased. By using the results of three replications, quadratic models were 
used to describe the relationship between dry matter yield and rates of P 
applied at each soil. A sharp increase in dry matter yield was observed on most 
of the biotechnology by-product-treated soil between 0 and 100 mg P kg-' soil. 
Maximum dry matter yield was obtained at different rates of P, depending on 
types of biotechnology by-products and soil used. However, in general, most of 
the biotechnology by-product-treated soils showed a maximum dry matter yield 
at 150 or 200 mg P kg*^ soil. Meanwhile for calcium phosphate, the maximum 
dry matter yield was obtained at 200 mg P kg-^ soil on Gosport and Grundy 
soils, and 150 mg P kg-i soil on Clinton soil (Figure 13). 
Animal manures 
Application of animal manures as sources of P resulted in significantly 
greater dry matter 5delds than those produced on the control counterparts. 
Compared with calcium phosphate, in general, at 50 to 100 mg P kg-^ soil, 
appUcation of animal manures did not produced significantly different amount 
of dry matter yields. Swine manure produced greater dry matter 3deld than 
those produced by dairy and chicken manures at 150 mg P kg-i soil, but not 
significantly different compared with calcium phosphate. The order of animal 
manures and calcium phosphate that produced the highest to lowest dry matter 
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Figure 13. Effect of rate of P of monobasic calcium phosphate on dry matter yield of corn tops produced 
on the three soils. Solid circles are means of three replications 
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yields were: swine manure>chicken nianure> calcium phospliate> dairy 
manure for the Gosport and Grundy soils; and swine manure>dairy manure> 
calcium phosphate>chicken manure for the Clinton soil (Figiures 4-6). 
In all soils, at the highest P level (200 mg P kg-i soil), dairy manure 
produced the least dry matter yield compared with those produced by chicken, 
swine manures and calcium phosphate. At this rate of P application, the order 
of animal manures and calcium phosphate that produced the highest to lowest 
dry matter yields were: calcium phosphate>swine manure>chicken manure> 
dairy manure for the Gosport soil; swine manure>calcium phosphate> chicken 
manure> dairy manure for the Grundy soils; and chicken manure>swine 
manure> calcium phosphate> dairy manure for the Clinton soil (Figure 7). 
Plant growth responses to animal manure application are presented in 
Figures 14-16. Relationship between dry matter yield and P added can be 
described by using quadratic model. For chicken and swine manure, the 
increase in P apphed increased dry matter yield with the maximum obtained 
at 150 to 200 mg P kg-^ soil. Dairy manure showed different response on dry 
matter yield compared with chicken and swine manures, in which the 
increasing rate of P applied increased dry matter 3deld and the maximum of dry 
matter 3deld was obtained at 150 mg P kg-^ soil. Further increase in P rates 
suppressed dry matter yield. 
The significant difference between animal maniires and calcium 
phosphate application may be due to organic acids in animal maniures that will 
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affect P availability. By working in a blue purple paddy soil, Ancheng and Xi 
(1994) found that augmenting organic P mineralizing bacteria and inorganic 
phosphate solubilizing bacteria was one of the reasons that manure increased 
the availability of P. Therefore, to increase uptake of inorganic P by plants, 
inorganic P sometimes is mixed with animal manure before application to P-
deficient soils, because animal manures suppress conversion of inorganic P to 
less soluble compounds such as calcium phosphates in calcareous soil. 
Typical curvilinear response curves also have been reported by 
Greenwood et al. (1980). They stated that yields were related to level of P by a 
diminishing-return type curve. Rehm et al. (1981) also reported that P had 
curvilinear effect on early growth and yield of corn. The corn growth and yield 
decreased after certain rate of P applied. There are several possible reasons to 
explain the decreasing dry matter yield at high P application, such as high 
salinity effect (Shortall and Liebhardt, 1975; Francois et al., 1984; Bernal et al., 
1992; Chang et al., 1993), excessive NH4 toxicity (Chang et al., 1993), P toxicity 
(Rossiter, 1952) nutrient imbalance, especially P-Zn relationship (Olson et al., 
1962; Langin et al., 1962; Boawn and Leggett, 1964; Summer and Farina, 
1986), and retardation of root growth, especially at high rate of animal manure 
application (Lund, 1978). Salinity effect has been reported to reduce dry 
matter yields, especially as a result of repeated applications of large amount of 
animal manxure. Since reduction of dry matter yield also occurred in non-
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animal manure treatments, it is not likely that salinity effect is the main factor 
in decreasing dry matter yield in this greenhouse experiment. 
Yield of Phosphorus 
Yield of P was calculated by multiplying dry matter yield and P 
concentration of corn top. The mean values of P concentration in corn tops are 
presented in Table 7. In general, increasing P application resulted in 
significantly increasing the P concentration of corn top. There was a high 
variability of P concentration in plant tissue, depending on the amount of P 
applied and also the dry matter yield produced because of the dilution effect. 
The later effect often can be seen among the replications in one treatment. 
With some treatments, one replication had higher dry matter yield than those 
of the other replications. However, the jdelds of P among replications were not 
necessary different because replication having higher dry matter yield often 
had lower P concentration than the other two replicates. Therefore, comparing 
different treatments based on P concentration in corn top without considering 
yield of P will ignore the dilution effect. Jarrell and Beverly (1981) discussed in 
detail dilution effect phenomenon in plant tissue. 
Although the addition of P sources did not always increase dry matter 
yield, and in some cases it suppressed it, especially at high rate of application, 
in general, the increase in P rate increased yield of P. Nevertheless, in some 
cases the increases in P concentration were not able to increase yield of P 
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because of the strong suppression of dry matter yield at high P rates. As an 
example, application of Ag.WAS P up to 150 mg pot-1 increased yield of P, then 
decreased at higher rate of P, although the P concentration was still increased. 
Biotechnology bv-products 
The effect of different sources of P on yield of P in corn top is shown in 
Figures 17-20. Among the biotechnology by-products applied at low rates (50 
and 100 mg P kg-^ soil), BW, CSA, and SMB produced slightly higher yield of P 
than conventional fertilizer and other by-products. At high rate of application 
(150 and 200 mg P kg*^ soil), the difference effect of biotechnology by-products 
on yield of P became apparent. The order of biotechnology by-products and 
calcium phosphate that produced higher to lower 3deld of P in three soils in 
general were: SMB > BW>CSA>calcium phosphate>SBM>Ag.WAS. The soil 
series affected the jdeld of P. As an example, for all rates, Ag.WAS produced 
very low 3deld of P, especially in the Clinton soil; whereas in the Grundy soil, 
this biotechnology by-product produced higher yield of P than those in the other 
two soils. The low yield of P of Ag.WAS was the result of low dry matter yield 
and low P concentration in the harvested corn. 
Response curves that show relationship between the rate of P applied 
and yields of P are presented in Figures 21-25. These response curves show 
that increasing P rate increased the jdeld of P, which fitted quadratic or linear 
equations. 
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produced on the three soils. Solid circles are means of three replications 
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Figure 22. Effect of rate of P of sterilized microbial biomass (SMB) on yield of P in corn tops produced 
on the three soils. Solid circles are means of three replications 
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Figure 23, Effect of rate of P of corn stalk ash (CSA) on yield of P in corn tops produced on the three soils. 
Solid circles are means of three replications 
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Figure 24. Effect of rate of P of base water (BW) on yield of P in corn tops produced on the three soils. 
Solid circles are means of three replications 
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ire 25. Effect of rate of P of steamed bone meal (SBM) on yield of P in corn top produced on the three 
soils. Solid circles are means of three replications 
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Animal manures 
The yields of P in animal manure-treated soils were significantly greater 
than those of the control (no P added), but were not significantly different than 
those produced on monobasic calcium phosphate-treated soils. A contrast 
analysis showed that animal manures produced significantly greater P yields 
than those produced by biotechnology by-products (Table 14). The effect of 
animal manures on yield of P varied depending on rate and source of P, and the 
soil used. For example, at 200 mg P kg-^ soil, there was no significant 
difference in yield of P among dairy, chicken, and swine manures in Gosport 
soil. However, dairy and swine manures produced significantly greater yield of 
P than those of chicken manure-treated Grundy soil; whereas dairy manure 
produced yield of P that were significantly greater than those produced by 
chicken- and swine manure- treated Clinton soil. 
The relationship between rate of P application and yield of P are 
presented in Figures 26-29 for animal manures and for monobasic calcium 
phosphate. The increase of P applied as animal manures increased yield of P 
significantly. The response curves fitted quadratic equations with R2 >0.84. 
Relationship Between Dry Matter Yield and Yield of Phosphorus 
Assuming all other nutrients were present at sufficient concentration, 
and assuming the biotechnology by-products and the animal manures added as 
sources of P did not significantly affect the plant root environment, one would 
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Figure 27. Effect of rate of P of chicken manure on yield of P in corn tops produced on the three soils. Solid 
circles are means of three replications 
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Figure 28. Effect of rate of P of swine manure on yield of P in corn tops produced on the three soils. Solid 
circles are means of three replications 
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expect linear relationship between dry matter yield and yield of P. The results 
reported in Figures 30-38 show that, with the exception of monobasic calcium 
phosphate-treated Gosport soil, the relationship was curvilinear, suggesting 
that either there was nutrient limitation other than P (see the percentage of N 
and K in Tables 10 and 11, respectively) or that the P sources added 
significantly affected the chemistry of the root environment. The P nutrition of 
the plant was excluded because the concentration was within the normal range 
for the whole corn plant, and because the concentration increased with 
increasing P application (Table 7). The effect of pH on this relationship was 
excluded because the values increased somewhat with increasing the rate of P. 
i.e., improved soil environment. 
Percentages of P Recovered 
Fertilizers added to agricultxiral land are not completely absorbed by 
plants because some of them are loss by physical, chemical, and biochemical 
processes, such as leaching, run off, and fixation by soil constituents or 
microorganisms. In greenhouse studies, sdthough loss of fertilizer can be 
prevented by using closed system, part of fertilizer is in unavailable forms for 
plant upt£ike. Therefore only a portion of fertilizer will be absorbed by plants. 
Expressed as percentages of the total P added, the means of P recovered 
in corn top are presented in Table 9 (individual values for the replicates are 
summarized in Table A1 (Appendix). The analysis of variance (ANOVA) and 
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Figure 30. Relationship between dry matter yield and yield of P in corn top produced on the three soils 
treated with five rates of P as agricultural waste activated sludge (Ag.WAS) 
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Figure 31. Relationship between dry matter yield and yield of P in corn top produced on the three soils 
treated with five rates of P as sterilized microbial biomass (SMB) 
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Figure 32. Relationship between dry matter yield and yield of P in corn top produced on the three soils 
treated with five rates of P as corn stalk ash (CSA) 
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Figure 33. Relationship between dry matter yield and yield of P in corn top produced on the three soils 
treated with five rates of P as base water (BW) 
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Figure 34. Relationship between dry matter yield and yield of P in corn top produced on the three soils 
treated with five rates of P as steamed bone meal (SBM) 
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ire 35. Relationship between dry matter yield and yield of P in corn top produced on the three soils 
treated with five rates of P as dairy manure 
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Figure 36. Relationship between dry matter yield and yield of P in corn top produced on the three soils 
treated with five rates of P as chicken manure 
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Figure 38. Relationship between dry matter yield and yield of P in corn top produced on the three soils 
treated with five rates of P as monobasic calcivmi phosphate 
108 
the contrasts are presented in Tables 13 and 14. The percentages of P 
recovered ranged from 0 in Clinton soil treated with 50 or 100 mg P kg-i soil in 
the case of Ag.WAS to 25.2 in Clinton soil treated with 50 mg P kg-^ soil in the 
case of CSA. In general, the percentage of P recovered in corn tops decreased 
with increasing the rate of P application (Figures 39-41). The decrease in P 
recovered as application rates increased also has been reported by Chang et al. 
(1993), who worked with dairy manure as source of P for barley. In his review 
article, Fardeau (1996) found that percentages of P recovered ranged from 0 to 
15%. By using 22 different vegetable and agricviltural crops, Greenwood et al. 
(1980) also found that percentages recovery of added P in the field ranged from 
1 to 12%, largely depending on the total weight of dry matter yield 
Soil pH 
The means of pH values of the soil after termination of the greenhouse 
experiment are reported in Table 12. The result of the individual pots are 
reported in Table Al (Appendix). Statistical analysis (ANOVA) showed that 
the pH values were significantly affected by the source and rate of P 
application and by the soil series (Tables 13). Application of biotechnology by­
products reduced soil pH, especially in the Grundy and Clinton soils. 
It is well known that application of NH4-containing fertilizers will 
decrease soil pH. Although in this greenhouse experiment, N was applied as 
UAN to supply a combined total of 500 mg N kg-^ soil, soils pH change 
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Figure 40. Effect of rate of P applied on percentage of P recovered in corn top produced on Grundy 
soil 
40 - ' Ag. WAS 
- ^ Dairy manure 
0 SMB Chicken manure 
35 ® CSA ° Swine manure 
+ BW " Monobasic calcium phosphate 
^ SBM 
30 
-
-
25 
o 
20 
15  ^ V7 
^——-5—_ 
^"~v 
10 
-
5 
- -
—-• 
• "• 
0 ? L-l 1 1 1 
-1 1 1— 1 
50 100 150 200 50 100 150 200 
P added (mg P kg"^ soil) 
Figure 41. Effect of rate of P applied on percentage of P recovered in corn top produced on Clinton 
soil 
112 
differentially among the soils. In the control pots, soil pH decreased from 5.8. 
6.3, and 6.1 to 4.7, 4.2, and 4.2 for Gosport, Grundy and Clinton soQs, 
respectively. In general, increasing the rate of P material increased the soil 
pH. These increases varied with the biotechnology by-products material or 
animal manures and soil used (Figures 42-44). 
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Figure 42. Effect of rate of P applied to the corn on soil PH-H2O of Ciosport soil 
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Figure 43. Effect of rate of P applied to the corn on soil PH-H2O of Grundy soil 
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Figure 44. Effect of rate of P applied to the corn on soil PH-H2O of Clinton soil 
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PART II. BIOTECHNOLOGY BY-PRODUCTS AND ANIMAL MANURES 
AS SOURCES OF PHOSPHORUS FOR RYEGRASS 
117 
INTRODUCTION 
The application of organic waste materials such as sewage sludge, 
animal manure, and domestic garbage to agricultiaral land has received 
considerable attention in recent years. Those organic materials contain variet}-
macro- and micronutrients required by plant growth. Biotechnology by­
products and animal maniires are among organic materials that contain high 
amount of nutrients. Karmarkar and Tabatabai (1991) found that, because of 
the nature of biotechnology industries, biotechnology by-products contain high 
concentration of organic C, inorganic N, S, P, K with no significant 
concentration of metals. 
Increasing development of biotechnology industries and livestock 
industries has generated increasing amount of waste materials. Disposing 
these material as landfill has increased concern about groundwater pollution 
and eutrophication of surface water, while discharge into municipal water 
treatment will be very expensive due to increase in cost of water treatment. 
Therefore, agricultxiral application is the best alternative of biotechnology by­
products and animal manures disposal. 
In addition to organic matter important in improving the physical 
characteristic of soils, biotechnology by-products and animal manures may 
supply a wide variety of macro- and micronutrients for plant growth. Even 
though biotechnology by-products and animal manures contain a variety of 
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nutrients, most biotechnology by-products and animal manure applications to 
agricultural land are intended to supply N because N is the largest nutrient 
required by plant. As a result, there will be accumulation and loss of P due to 
leaching in soil especially for biotechnology by-products and animal manures 
that contain high amount of P. Some researchers suggested that management 
strategies of organic waste material application, especially animal manures, to 
agricultural land should be based on soil P rather than N (Kingery et al., 1993: 
Sharp ley et al., 1993). In Part I, greenhouse studies were carried out on the 
usefulness of biotechnology by-products and animal manures as sources of P for 
corn. In this Part, similar studies were carried out with the following 
objectives in mind: (1) to study the efficiency of P uptake from biotechnology by­
products and animal manures on ryegrass {Lolium multiflorum L.), (2) to 
compare the effect of biotechnology by-products, animal manures, and 
conventional P fertilizer on ryegrass growth and yield of P, and (3) to assess the 
potential of several biotechnology by-products and animal manures as sources 
of P for ryegrass. 
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MATERL4LS AND METHODS 
The experimental design and treatments used in this study were the 
same as those reported in Part I, except that in this Part, one gram of Bison 
ryegrass {Lolium multiflorum L.) was seeded instead of corn. The seeds 
germinated well and a good stand was established with the exception of Ag.WAS 
treatment and controls. Those pots had to be seeded again. 
The ryegrass was cut at 2.5 cm above soil surface every 30 days for total of 
5 cuttings. Ten days after every ryegrass cutting, 50 ml solution containing 
K2SO4 and UAN was added to supply 140 mg of K, 54 mg of S and 100 mg of N 
per pot. The other greenhouse works and plant analyses were the same as 
reported in Part I. 
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RESULTS AND DISCUSSION 
Individual results of the experiment by using ryegrass as an indicator 
are presented in the Appendix (Tables A2-A6). Those data contain dry matter 
yield, total P concentration, yield of P, total N and K concentrations, and the 
soil pH values after termination of the experiment. The mean values of dr>' 
matter yields, P concentrations, yields of P, percentages of P recovered in 
ryegrass, percentages N, percentages K, and the soil pH values are presented 
in Tables 15-31. The concentrations of N decreased from about 5% to 1 or 2% 
from the first to the fifth cuttings (Tables 25-27), even though N was 
supplemented after each cutting. Similarly the concentrations of K varied from 
about 4% in the first cutting to about 2-3% in the fifth cutting (Tables 28-30). 
For convenience, the other results obtained will be discussed under 
subheadings: dry matter 5deld, jdeld of P, percentages of? recovered, and soil 
pH. 
Dry Matter Yield 
The anedysis of variance and contrasts of several observation of ryegrass 
and soils are presented in Tables 32-33. Statistical analyses presented in Table 
32 show that there were significant effects of rate and source of P, soils and 
their interactions. In general, increasing the rate of P application significantly 
increased the dry matter yield. Contrast comparison (ANOVA) showed that as 
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Table 15. Effect of source and rate of P applied on dry matter yield of 
ryegrass produced on Gosport soil 
Rates of P Dry matter yield at cutting specified 
Source of P (mg/pot) 1" 2"'! 3rd 4"> 5'^^ 
— B poc -
Control - 2.19 1.69 1.78 1.65 1.64 
Af- WAS 50 4.28 3.24 3.23 3.50 2.47 
100 3.31 3.73 4.51 6.46 4.49 
150 0.74 4.49 7.29 8.12 6.98 
200 1.10 4.66 7.10 8.33 6.94 
SMB 50 4.45 3.27 3.30 4.65 4.35 
100 6.21 4.71 4.19 5.45 4.59 
150 5.41 4.89 4.44 5.83 4.82 
200 7.13 5.18 4.64 5.85 5.15 
CSA 50 5.64 3.90 3.57 4.53 3.96 
100 6.18 5.33 4.40 5.67 4.60 
150 5.57 5.25 4.81 6.03 4.98 
200 6.20 5.50 4.74 6.36 4.96 
BW 50 5.64 4.00 3.76 4.03 3.01 
100 6.07 4.63 3.77 5.61 4.19 
150 5.57 4.73 4.40 5.71 5.18 
200 6.84 5.14 4.38 5.79 4.73 
SBM 50 4.37 3.64 3.08 4.60 3.73 
100 4.64 3.89 3.91 5.45 4.61 
150 5.09 3.96 4.03 5.38 4.81 
200 5.45 4.30 4.30 6.17 5.71 
Dairy manure 50 5.49 4.11 3.10 4.04 2.85 
100 5.47 3.98 3.87 4.84 3.75 
150 4.65 3.70 3.50 4.53 4.43 
200 3.46 3.45 3.49 4.57 4.46 
Chicken manure 50 5.45 3.79 3.45 3.23 2.47 
100 5.95 4.63 4.11 5.07 3.87 
150 6.17 4.81 4.11 4.95 4.17 
200 5.27 4.81 3.97 4.78 3.96 
Swine manure 50 4.88 3.88 3.21 3.68 3.10 
100 6.24 4.79 4.23 5.02 3.91 
150 6.43 5.06 4.35 5.21 4.36 
200 4.97 5.04 4,37 5.52 4.54 
Monobasic calcium 50 5.03 3.46 2.56 4.08 3.87 
phosphate 100 5.40 3.97 3.52 4.82 4.26 
150 6.06 4.10 4.20 5.56 4.74 
200 6.75 4.61 4.15 5.24 4.43 
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Table 16. Effect of source and rate of P applied on dry matter yield of 
ryegrass produced on Grundy soil 
Rates of P Dry matter yield at cutting specified 
Source of P (mg/pot) 1" 2"" 3'" 4'h 
Control 
-
1.89 0.41 0.15 0.04 0.07 
Ag- WAS 50 5.83 4.16 4.37 5.73 5.41 
100 5.01 4.63 5.59 7.07 7.04 
150 5.76 5.72 5.08 6.69 6.01 
200 2.72 4.56 7.52 7.59 5.86 
SMB 50 5.97 4.17 3.48 3.89 3.38 
100 5.85 4.43 4.22 5.53 4.66 
150 6.68 4.48 4.54 5.92 5.28 
200 7.18 4.73 4.48 5.98 4.79 
CSA 50 5.44 3.70 2.72 3.69 3.86 
100 5.56 4.48 4.26 5.51 4.87 
150 6.34 5.37 5.06 6.29 4.46 
200 5.88 5.78 5.43 6.61 5.54 
BW 50 5.92 3.79 2.61 2.82 2.78 
100 6.51 4.45 3.73 3.98 4.27 
150 7.31 4.94 4.09 4.57 4.80 
200 6.57 5.18 4.37 5.22 4.38 
SBM 50 4.43 2.35 1.63 1.24 1.44 
100 5.44 3.34 3.42 4.16 3.90 
150 5.98 4.24 4.04 5.19 4.71 
200 6.03 4.39 4.47 5.74 5.30 
Dairy manure 50 5.47 3.59 2.81 3.43 3.18 
100 4.48 3.59 3.42 4.63 4.44 
150 4.71 3.28 3.98 5.33 4.82 
200 2.95 2.89 4.20 5.35 4.75 
Chicken manure 50 5.55 3.48 2.31 3.38 3.16 
100 5.65 4.50 3.82 5.24 4.63 
150 4.71 4.23 4.13 5.82 5.19 
200 6.05 4.56 4.37 5.31 5.22 
Swine manure 50 4.98 3.28 2.41 2.25 2.49 
100 5.70 4.10 3.31 4.21 4.24 
150 5.87 4.22 4.15 5.77 4.38 
200 6.17 4.60 4.41 5.86 4.49 
Monobasic calcium 50 4.90 3.08 2.08 2.12 1.83 
phosphate 100 5.06 3.56 2.73 3.23 3.00 
150 6.45 4.41 4.06 5.18 4.51 
200 5.28 3.97 4.06 5.38 4.58 
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Table 17. Effect of source and rate of P applied on dry matter yield of 
ryegrass produced on Clinton soil 
Rates of P Dry matter yield at cutting specified 
Source of P (mg/pot) 1" 2"" 3rd 4'" 5"^ 
Control 
-
2.39 0.70 0.22 no yield no yield 
Ag- WAS 50 3.36 1.47 0.71 0.52 0.26 
100 3.36 1.72 1.02 0.34 no yield 
150 3.58 2.51 2.36 1.44 0.70 
200 5.63 4.24 3.51 4.18 5.12 
SMB 50 5.77 3.12 1.20 0.71 0.55 
100 5.96 4.20 3.62 4.48 4.46 
150 5.93 4.45 3.66 5.10 4.99 
200 6.45 4.76 3.66 5.09 4.86 
CSA 50 5.33 3.38 2.15 2.52 4.22 
100 6.52 4.51 3.84 5.35 5.00 
150 6.16 5.21 4.66 6.03 5.02 
200 6.48 5.51 4.99 6.61 5.35 
BW 50 5.87 3.12 1.37 0.97 0.35 
100 5.10 3.61 2.96 3.15 3.24 
150 6.20 4.32 3.90 4.75 4.02 
200 6.88 4.67 4.17 3.77 4.68 
SBM 50 4.91 2.89 0.89 0.37 0.11 
100 4.99 3.27 1.95 2.81 3.28 
150 5.13 3.84 2.67 3.78 3.70 
200 5.84 4.26 3.53 5.58 5.08 
Dairy manure 50 4.87 3.10 2.08 3.80 4.30 
100 5.49 3.97 3.35 4.61 4.38 
150 5.55 4.09 4.11 5.08 4.45 
200 4.91 4.02 4.41 5.22 4.62 
Chicken manure 50 5.99 3.23 2.54 3.54 4.11 
100 6.89 4.85 3.87 4.99 4.32 
150 5.93 4.89 4.32 5.23 4.53 
200 6.14 5.26 4.55 5.72 4.55 
Swine manure 50 5.25 3.21 1.49 1.48 1.53 
100 6.32 4.01 3.17 4.17 4.45 
150 6.80 4.66 4.17 5.07 4.60 
200 6.10 4.55 3.95 5.33 4.72 
Monobasic calcium 50 5.13 2.09 1.07 0.58 0.58 
phosphate 100 5.21 2.70 1.60 1.98 1.43 
150 5.48 4.01 3.00 3.69 3.80 
200 6.37 4.15 2.95 4.69 4.38 
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Table 18. Effect of sources and rates of P applied on P concentration of 
ryegrass produced on Gosport soil 
Rates of P P concentration (%) at cutting specified 
Source of P (mg/pot) 1" 2"" 3'° 4'" 5^*^ 
Control - 0.12 0.10 0.09 0.09 0.08 
Ag- WAS 50 0.18 0.11 0.09 0.08 0.09 
100 0.21 0.11 0.11 0.10 0.10 
150 0.29 0.19 0.13 0.08 0.07 
200 0.28 0.20 0.16 0.11 0.14 
SMB 50 0.27 0.16 0.14 0.12 0.09 
100 0.26 0.19 0.17 0.15 0.16 
150 0.35 0.23 0.22 0.21 0.17 
200 0.42 0.28 0.26 0.25 0.21 
CSA 50 0.21 0.12 0.11 0.10 0.11 
100 0.28 0.13 0.14 0.13 0.14 
150 0.30 0.18 0.16 0.16 0.17 
200 0.32 0.24 0.22 0.20 0.21 
BW 50 0.20 0.11 0.11 0.09 0.10 
100 0.30 0.15 0.11 0.12 0.11 
150 0.39 0.22 0.14 0.12 0.13 
200 0.46 0.27 0.18 0.13 0.15 
SBM 50 0.20 0.14 0.14 0.10 0.10 
100 0.22 0.15 0.15 0.12 0.11 
150 0.24 0.12 0.15 0.14 0.14 
200 0.22 0.17 0.17 0.15 0.15 
Dairy manure 50 0.19 0.13 0.12 0.08 0.09 
100 0.29 0.16 0.15 0.13 0.14 
150 0.32 0.24 0.17 0.18 0.17 
200 0.52 0.29 0.24 0.25 0.25 
Chicken manure 50 0.18 0.12 0.11 0.09 0.11 
100 0.23 0.14 0.15 0.12 0.14 
150 0.23 0.18 0.18 0.17 0.18 
200 0.26 0.20 0.22 0.23 0.22 
Swine manure 50 0.22 0.13 0.11 0.09 0.09 
100 0.23 0.14 0.14 0.11 0.13 
150 0.28 0.18 0.17 0.16 0.16 
200 0.38 0.23 0.18 0.17 0.17 
Monobasic calcium 50 0.19 0.12 0.12 0.12 0.08 
phosphate 100 0.24 0.14 0.14 0.11 0.11 
150 0.35 0.21 0.15 0.13 0.15 
200 0.35 0.24 0.17 0.15 0.15 
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Tabie 19. Effect of sources and rates of P applied on P concentration of 
ryegrass produced on Grundy soil 
Rates of P P concentration (%) at cutting specified 
Source of P (mg/pot) 1" 2^0. 3" 4ih 5^^ 
Control - 0.11 0.08 0.08 0.03 0.03 
Ag- WAS 50 0.30 0.17 0.11 0.11 0.10 
100 0.48 0.25 0.17 0.16 0.13 
150 0.34 0.23 0.18 0.17 0.17 
200 0.40 0.33 0.24 0.23 0.22 
SMB 50 0.24 0.14 0.11 0.11 0.11 
100 0.35 0.23 0.18 0.17 0.17 
150 0.49 0.31 0.28 0.24 0.17 
200 0.52 0.43 0.34 0.28 0.20 
50 0.19 0.11 0.10 0.11 0.12 
100 0.32 0.16 0.13 0.13 0.14 
150 0.36 0.23 0.18 0.17 0.20 
200 0.45 0.32 0.30 0.21 0.19 
BW 50 0.23 0.12 0.09 0.10 0.11 
100 0.31 0.17 0.12 0.10 0.14 
150 0.43 0.25 0.16 0.12 0.10 
200 0.51 0.33 0.24 0.17 0.12 
SBM 50 0.25 0.14 0.09 0.09 0.10 
100 0.34 0.21 0.15 0.11 0.14 
150 0.40 0.26 0.16 0.13 0.12 
200 0.46 0.29 0.21 0.17 0.15 
Dairy manure 50 0.18 0.12 0.10 0.09 0.09 
100 0.27 0.17 0.14 0.13 0.12 
150 0.43 0.28 0.19 0.16 0.18 
200 0.59 0.48 0.28 0.22 0.23 
Chicken manure 50 0.20 0.12 0.10 0.10 0.09 
100 0.23 0.15 0.13 0.12 0.11 
150 0.29 0.20 0.15 0.14 0.17 
200 0.32 0.26 0.18 0.18 0.18 
Swine manure 50 0.20 0.10 0.09 0.10 0.09 
100 0.29 0.16 0.12 0.14 0.14 
150 0.40 0.24 0.18 0.15 0.19 
200 0.43 0.34 0.24 0.20 0.18 
Monobasic calcium 50 0.24 0.14 0.09 0.10 0.08 
phosphate 100 0.29 0.18 0.14 0.10 0.13 
150 0.38 0.24 0.16 0.11 0.13 
200 0.51 0.33 0.23 0.18 0.18 
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Table 20. Effect of source and rate of P applied on P concentration 
of ryegrass produced on Clinton soil 
Source of P 
Rates of P 
(mg/pot) 
P concentration (%) at cutting specified 
1" 2nd 3rd 4th 5"^ 
Control - 0.09 0.08 0.07 no yield no yield 
Ag- WAS 50 0.16 0.10 0.09 0.07 0.05 
100 0.17 0.12 0.08 0.06 no yield 
150 0.21 0.14 0.09 0.07 0.06 
200 0.31 0.13 0.11 0.11 0.09 
SMB 50 0.25 0.13 0.11 0.10 0.10 
100 0.37 0.21 0.14 0.13 0.16 
150 0.41 0.26 0.23 0.17 0.18 
200 0.47 0.29 0.28 0.26 0.20 
CSA 50 0.23 0.12 0.09 0.12 0.15 
100 0.29 0.15 0.12 0.11 0.16 
150 0.34 0.21 0.18 0.17 0.18 
200 0.46 0.27 0.21 0.22 0.20 
BW 50 0.21 0.12 0.10 0.11 0.05 
100 0.29 0.18 0.13 0.10 0.10 
150 0.41 0.22 0.17 0.11 0.10 
200 0.39 0.26 0.21 0.15 0.11 
SBM 50 0.18 0.13 0.11 0.07 0.02 
100 0.23 0.15 0.12 0.12 0.09 
150 0.23 0.17 0.16 0.15 0.12 
200 0.35 0.24 0.19 0.19 0.16 
Dairy manure 50 0.18 0.12 0.13 0.12 0.09 
100 0.30 0.17 0.14 0.14 0.14 
150 0.38 0.29 0.19 0.17 0.18 
200 0.50 0.35 0.23 0.19 0.21 
Chicken manure 50 0.19 0.11 0.12 0.11 0.11 
100 0.22 0.15 0.14 0.15 0.16 
150 0.27 0.17 0.15 0.19 0.20 
200 0.28 0.22 0.18 0.17 0.20 
Swine manure 50 0.20 0.11 0.10 0.09 0.09 
100 0.26 0.15 0.12 0.14 0.14 
150 0.32 0.21 0.17 0.15 0.15 
200 0.39 0.28 0.23 0.19 0.19 
Monobasic calcium 50 0.22 0.14 0.12 0.11 0.10 
phosphate 100 0.30 0.16 0.15 0.11 0.12 
150 0.28 0.18 0.16 0.12 0.13 
200 0.35 0.22 0.19 0.14 0.13 
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Table 21. Effect of source and rate of P applied on yield of P in ryegrass 
produced on Gosport soil 
Rates of P Yield of P at cutting specified 
Source of P (mg/pot) 1" 2"" grn 4'" 5'" 
Control - 2.6 1.7 1.5 1.4 1.3 
Ag- WAS 50 7.5 3.6 3.0 3.0 2.3 
100 7.0 4.2 5.1 6.6 4.3 
150 2.2 8.4 9.2 6.3 5.1 
200 3.1 9.3 11.3 9.0 10.2 
SMB 50 12.2 5.1 4.5 5.6 3.9 
100 16.1 9.2 7.0 8.4 7.1 
150 19.1 11.0 10.1 12.1 7.9 
200 29.6 14.5 11.8 14.6 10.7 
CSA 50 11.8 4.6 3.9 4.4 4.3 
100 16.8 6.9 6.2 7.2 6.4 
150 16.2 9.5 7.6 9.4 8.6 
200 20.1 13.2 10.6 12.3 10.6 
BW 50 11.3 4.6 4.2 3.6 2.8 
100 18.3 7.1 4.1 6.5 4.5 
150 22.0 10.3 6.1 6.8 6.9 
200 31.3 13.8 7.7 7.7 7.0 
SBM 50 8.6 5.1 4.3 4.4 3.6 
100 10.2 5.6 5.7 6.4 4.9 
150 11.7 4.8 6.3 7.7 6.4 
200 12.0 7.2 7.1 9.2 8.2 
Dairy manure 50 10.5 5.4 3.6 3.2 2.6 
100 15.6 6.3 5.7 6.2 5.1 
150 14.7 8.7 6.1 8.2 7.6 
200 18.0 10.2 8.5 11.4 11.1 
Chicken manure 50 10.1 4.5 3.7 2.8 2.7 
100 13.8 6.2 6.0 6.2 5.4 
150 14.1 8.5 7.3 8.3 7.4 
200 13.3 9.6 8.5 10.7 8.6 
Swine manure 50 10.4 5.0 3.6 3.4 2.8 
100 14.1 6.8 6.1 5.6 4.9 
150 17.6 9.2 7.2 8.5 7.1 
200 18.8 11.4 7.9 9.6 7.9 
Monobasic calcium 50 9.4 4.3 3.1 4.9 3.2 
phosphate 100 12.8 5.6 4.8 5.2 4.8 
150 21.1 8.7 6.3 7.3 7.0 
200 23.5 10.9 7.1 7.8 6.5 
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Table 22. Effect of source and rate of P applied on yield of P in ryegrass 
produced on Grundy soil 
Rates of P Yield of P at cutting specified 
Source ofP (mg/pot) 1" 2"" 3rd 4"- 5'" 
Control 
-
0.1 0.0 0.1 2.4 2.5 
Ag- WAS 50 4.9 6.5 5.5 24.7 29.6 
100 9.5 11.1 9.0 33.7 43.2 
150 9.2 11.3 10.1 31.8 41.0 
200 18.2 17.6 13.1 27.3 45.5 
SMB 50 3.9 4.1 3.6 19.9 23.8 
100 7.7 9.7 7.8 30.6 38.2 
150 12.5 14.2 9.1 46.3 58.8 
200 15,4 16.4 9.5 57.0 72.4 
CSA 50 2.7 4.0 4.3 14.1 16.8 
100 5.4 7.0 6.9 24.7 30.1 
150 9.3 10.9 8.3 35.0 44.3 
200 16.2 13.7 10.6 44.7 60.8 
BW 50 2.5 2.6 2.8 18.2 20.7 
100 4.3 4.0 6.0 27.8 32.1 
150 6.5 5.5 5.0 43.4 49.9 
200 10.4 8.6 5.1 51.3 61.7 
SBM 50 1.5 1.3 1.6 14.2 15.7 
100 5.1 4.6 5.2 25.7 30.8 
150 6.4 6.9 5.6 34.7 41.1 
200 9.4 9.6 8.2 40.3 49.8 
Dairy manure 50 2.8 3.2 2.8 13.9 16.7 
100 4.9 6.0 5.4 17.7 22.6 
150 7.5 8.5 8.5 29.7 37.2 
200 11.6 12.0 10.7 31.0 42.6 
Chicken manure 50 2.4 3.3 2.7 15.2 17.6 
100 4.8 6.2 5.1 19.5 24.3 
150 6.2 8.1 8.5 22.3 28.5 
200 8.0 9.5 9.2 31.0 39.0 
Swine manure 50 2.2 2.3 2.3 13.1 15.3 
100 3.9 5.8 6.1 23.3 27.1 
150 7.3 8.7 8.4 33.6 40.8 
200 10.5 11.8 8.3 42.3 52.8 
Monobasic calcium 50 2.0 2.5 2.2 16.1 18.1 
phosphate 100 3.9 3.3 4.3 21.1 25.0 
150 6.3 5.7 6.0 34.9 41.2 
200 9.2 9.7 8.2 40.3 49.5 
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Table 23. Effect of source and rate of P applied on jdeld of P in ryegrass 
produced on Clinton soil 
Rates of P Yield of P at at cutting specified 
Source of P (mg/pot) 1"' 2"" 3rd 4'" 5^" 
Control - 2.3 0.5 0.1 no yield no yield 
Ag- WAS 50 5.3 1.4 0.6 0.4 0.2 
100 5.6 1.9 0.8 0.2 no yield 
150 7.8 3.2 2.1 1.0 0.4 
200 17.9 5.7 4.2 4.7 4.9 
SMB 50 14.3 4.1 1.3 0.7 0.6 
100 21.7 8.7 5.1 5.9 7.1 
150 24.0 11.7 8.5 8.8 9.1 
200 29.9 13.6 10.3 13.3 9.9 
CSA 50 12.3 4.1 2.0 3.1 6.0 
100 18.9 6.7 4.6 6.1 8.0 
150 20.8 10.9 8.2 10.0 8.9 
200 29.9 14.6 10.3 14.5 10.7 
BW 50 12.0 3.9 1.3 1.2 0.3 
100 14.7 6.5 3.7 3.4 3.7 
150 24.7 9.3 6.6 5.3 4.1 
200 27.1 12.0 8.7 5.9 5.3 
SBM 50 9.1 3.9 1.0 0.3 0.1 
100 11.4 4.9 2.5 3.5 3.4 
150 11.7 6.6 4.3 5.2 4.5 
200 20.3 10.3 6.6 10.4 8.4 
Dairy manure 50 8.7 3.6 2.7 4.4 3.7 
100 16.4 6.8 4.6 6.3 6.3 
150 21.3 11.9 7.7 8.5 8.0 
200 24.5 13.9 10.3 9.7 9.7 
Chicken manure 50 11.4 3.7 3.1 4.0 4.6 
100 15.3 7.2 5.5 7.6 6.9 
150 15.9 8.2 6.5 9.6 8.9 
200 17.2 11.4 8.4 9.7 9.1 
Swine manure 50 10.4 3.6 1.5 1.4 1.7 
100 16.1 6.0 3.7 6.0 6.4 
150 21.8 10.0 6.9 7.5 7.0 
200 23.9 12.6 9.1 10.0 8.9 
Monobasic calcium 50 11.3 3.1 1.3 0.7 0.7 
phosphate 100 15.4 4.3 2.3 2.3 1.7 
150 15.2 7.3 4.6 4.3 5.0 
200 22.1 9.2 5.6 6.7 5.9 
Table 24. Effect of source and rate of P applied on means of percentages of P recovered in ryegrass 
Percentage of P recovered at rate of P applied (mg) per kg of soil specified 
Gosport soil Grundy soil Clinton soil 
Source of P 50 100 150 200 50 100 150 200 50 100 150 200 
Biotechnology by-products 
Ag- WAS 21.8 18.8 15.0 17.2 78.1 60.7 39.9 36.8 10.2 5.6 7.7 17.2 
SMB 45.5 39.2 34.5 36.3 58.0 53.1 53.1 47.9 36.0 45.5 39.5 37.0 
CSA 41.0 34.9 28.5 29.2 45.1 41.5 40.6 41.3 49.2 41.3 37.2 38.6 
BW 36.0 31.9 29.1 29.5 47.2 39.6 38.6 36.4 31.5 29.1 31.4 28.1 
SBM 34.8 24.3 18.9 17.6 32.1 38.0 34.1 32.5 22.7 22.7 19.7 26.5 
Animal manures 
Dairy 33.4 30.2 24.5 25.3 40.2 31.5 34.4 31.4 40.4 37.4 36.3 32.6 
Chicken 30.3 29.2 24.7 21.1 42.1 33.1 28.3 27.5 47.9 39.6 30.9 26.5 
Swine 33.2 28.9 27.4 23.5 34.7 36.4 36.9 35.2 31.2 35.3 33.5 30.8 
Inorganic P 
Monobasic calcium 32.6 24.6 27.9 23.7 40.6 30.0 33.5 32.4 28.5 23.0 22.4 23.3 
phosphate 
Least significant difference between treatments are 7.9 ( / j<0. ( )5)  and 10.4 (/j<0.01) 
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Table 25. Effect of source and rate of P applied on N concentration of 
ryegrass produced on Gosport soil 
Rates of P N concentration (%) at cutting specified 
Source of P Cmg/pot) 1" 2"" 3'" 4"^ 
Control - 6.34 6.32 6.26 5.95 5.81 
Ag- WAS 50 6.00 5.60 5.28 4.90 4.17 
100 5.82 5.21 4.99 4 99  ^  ( M M  2.51 
150 4.33 5.19 4.51 3.11 1.68 
200 5.23 5.14 4.58 2.80 2.25 
SMB 50 5.38 6.13 5.78 4.41 2.40 
100 7.06 5.35 3.67 1.86 1.88 
150 5.70 5.50 4.09 2.44 1.87 
200 5.77 5.52 4.33 2.26 1.77 
CSA 50 6.22 5.46 4.99 2.92 2.49 
100 5.85 5.30 4.42 3.08 1.79 
150 5.49 5.44 4.35 2.43 1.81 
200 5.43 5.18 3.76 2.24 1.66 
BW 50 6.34 5.79 5.48 3.40 2.86 
100 6.07 5.63 4.87 2.56 2.00 
150 6.38 5.73 4.85 2.51 1.71 
200 6.60 5.70 3.77 1.88 1.54 
SBM 50 6.58 5.96 5.55 4.26 2.90 
100 6.20 5.77 5.57 3.36 2.14 
150 5.97 5.78 5.50 3.13 2.37 
200 6.35 5.87 5.23 2.69 1.90 
Dairy manure 50 6.12 5.44 4.96 2.80 2.63 
100 5.85 4.70 3.28 1.85 1.97 
150 4.50 4.21 3.14 1.90 2.05 
200 3.92 4.18 3.37 9 91  2.11 
Chicken manure 50 5.88 5.34 5.09 3.24 3.02 
100 5.76 5.09 4.25 2.16 2.11 
150 5.51 4.90 3.47 1.84 1.97 
200 5.61 4.61 3.55 2.02 1.93 
Swine manure 50 6.19 5.65 5.39 4.09 3.04 
100 5.67 5.17 4.23 1.99 2.12 
150 5.63 5.11 3.55 1.71 1.77 
200 6.17 5.33 4.15 1.74 1.93 
Monobasic calcium 50 6.45 5.99 5.90 4.45 2.98 
phosphate 100 6.22 5.97 5.37 3.48 2.31 
150 6.34 5.82 5.30 2.43 1.54 
200 5.77 5.71 4.69 2.13 1.79 
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Table 26. Effect of source and rate of P applied on N concentration of 
ryegrass produced on Grundy soil 
Rates of P N concentration (%) at cutting specified 
Source of P (mg/pot) 1" 2nd 3rd 4"  ^ 5'^  ^
Control - 6.97 6.06 6.19 5.47 2.01 
Ag- WAS 50 6.19 5.44 4.96 3.73 2.04 
100 5.49 5.39 4.77 3.04 1.81 
150 5.70 5.32 4.48 2.38 1.68 
200 5.31 5.08 4.16 1.99 1.67 
SMB 50 5.77 5.29 4.97 2.85 2.15 
100 6.16 5.84 4.16 1.97 1.54 
150 5.83 5.59 3.96 2.01 1.50 
200 
5.82 5.44 3.80 1.90 1.72 
CSA 50 6.20 5.59 5.45 4.05 2.96 
100 5.78 5.39 4.68 2.77 1.62 
150 5.69 5.36 3.80 1.67 1.17 
200 5.59 5.31 3.77 1.77 1.31 
BW 50 6.30 5.85 5.68 4.44 3.35 
100 6.17 5.77 4.52 2.40 1.85 
150 6.06 5.66 3.31 1.78 1.54 
200 5.91 5.38 3.76 1.97 1.67 
SBM 50 6.06 6.09 5.63 6.71 5.23 
100 6.08 6.10 5.58 3.55 2.31 
150 5.92 5.93 5.03 2.28 1.59 
200 5.61 5.80 4.82 2.10 1.36 
Dairy manure 50 5.93 5.31 5.37 3.41 2.67 
100 5.27 4.70 3.93 2.34 1.71 
150 4.44 4.26 2.86 1.79 1.65 
200 3.29 4.43 2.85 1.75 1.78 
Chicken manure 50 6.08 5.69 5.40 4.05 3.05 
100 5.60 5.14 4.11 1.77 1.62 
150 5.74 5.13 3.89 2.31 1.88 
200 5.41 4.31 2.60 1.65 1.61 
Swine manure 50 5.22 5.75 5.70 5.25 4.18 
100 5.87 5.67 4.93 2.53 1.97 
150 5.73 5.52 4.01 1.66 1.71 
200 5.19 4.94 3.42 1.61 1.67 
Monobasic calcium 50 6.23 6.16 5.52 4.63 1.90 
phosphate 100 6.33 6.02 5.27 4.37 3.44 
150 5.62 5.78 4.55 2.23 1.69 
200 6.21 5.93 5.12 2.69 1.80 
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Table 27. Effect of source and rate of P applied on N concentration of 
ryegrass produced on Clinton soil 
Rates of P N concentration (%) at cutting specified 
Source of P (mg/pot) 1" 2nd grd 4"^ 5"^ 
Control - 6.65 6.69 6.91 no yield no yield 
Ag- WAS 50 5.80 5.99 5.97 5.88 3.83 
100 6.11 5.53 5.77 5.68 no yield 
150 5.97 5.29 4.95 5.21 5.42 
200 5.45 4.89 4.82 3.81 3.17 
SMB 50 5.99 5.82 6.17 5.98 5.72 
100 6.16 5.47 4.43 2.45 1.84 
150 6.12 5.66 4.65 2.74 1.75 
200 6.39 5.88 5.12 2.96 2.05 
CSA 50 6.19 6.14 5.33 5.64 3.66 
100 5.95 5.48 4.81 1.69 1.51 
150 5.89 5.31 4.05 2.35 1.72 
200 6.04 5.44 4.17 1.71 1.33 
BW 50 6.00 5.98 5.83 6.18 3.59 
100 6.55 5.97 5.31 3.82 2.99 
150 5.99 5.74 5.03 2.59 2.16 
200 6.20 5.44 4.36 2.34 1.63 
SBM 50 6.68 6.34 6.12 6.50 2.15 
100 6.51 6.06 5.76 5.12 4.13 
150 6.68 6.02 5.87 4.29 3.05 
200 6.47 6.17 5.46 3.08 1.81 
Dairy manure 50 5.92 5.53 5.55 4.20 2.37 
100 5.64 4.67 3.68 1.76 1.85 
150 4.22 4.17 2.83 1.60 1.94 
200 5.65 4.28 2.96 1.60 1.75 
Chicken manure 50 6.35 5.89 5.43 3.90 3.16 
100 5.70 5.24 4.10 1.74 1.84 
150 5.62 4.93 3.59 1.67 1.96 
200 4.98 4.54 2.83 1.38 1.85 
Swine manure 50 6.46 5.98 5.51 5.62 5.46 
100 5.76 5.32 4.91 2.51 1.93 
150 5.56 5.23 3.64 1.55 1.79 
200 5.90 5.38 3.70 1.68 1.77 
Monobasic calcium 50 6.79 6.36 6.06 5.72 5.43 
phosphate 100 6.56 6.35 6.14 4.87 3.38 
150 6.30 5.74 5.51 3.65 2.83 
200 6.41 5.89 5.54 3.00 2.11 
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Table 28. Effect of source and rate of P applied on K concentration of 
ryegrass produced on Gosport soil 
Rates of P K concentration (%) at cutting specified 
Source of P (mg/pot) 1" gnd 3"^ 4t»> 5'" 
Control - 3.69 3.10 3.72 3.68 3.08 
Ag- WAS 50 3.19 2.52 3.14 3.14 3.00 
100 3.48 2.29 3.11 2.81 2.45 
150 2.90 3.07 3.85 2.93 1.89 
200 3.08 3.11 3.83 2.59 2.07 
SMB 50 3.40 2.56 3.30 3.29 2.36 
100 2.84 2.56 3.03 2.70 2,72 
150 3.19 2.55 3.19 2.77 2.47 
200 3.20 2.08 2.78 2.77 2.38 
CSA 50 4.45 2.60 3.44 2.71 2.11 
100 4.83 3.05 3.35 2.57 2.75 
150 4.65 3.80 3.40 3.15 2.96 
200 4.81 4.13 3.77 2.66 3.12 
BW 50 2.77 1.89 3.13 2.63 2.88 
100 2.84 1.91 2.82 2.67 2.61 
150 3.00 1.96 2.89 2.64 2.16 
200 2.95 1.66 2.95 2.62 2.23 
SBM 50 3.48 2.34 3.45 3.03 2.66 
100 3.07 2.39 3.34 2.98 2.15 
150 2.79 1.83 3.08 2.66 2.43 
200 2.50 2.34 2.83 2.69 2.15 
Dairy manure 50 3.24 2.61 3.57 3.11 2.52 
100 3.91 2.79 3.46 2.86 2.41 
150 3.86 2.98 3.56 2.98 2.77 
200 4.51 3.26 3.39 3.07 3.10 
Chicken manure 50 3.47 2.47 3.26 2.69 2.81 
100 4.18 2.65 3.06 2.80 2.71 
150 4.50 2.90 3.13 2.46 2.48 
200 4.13 2.93 3.35 3.23 2.61 
Swine manure 50 3.25 2.60 3.40 3.31 2.87 
100 2.75 2.41 2.97 2.58 2.41 
150 2.90 2.65 2.85 2.59 2.53 
200 3.81 2.57 3.03 2.33 2.74 
Monobasic calcium 50 3.32 2.30 3.47 3.38 2.84 
phosphate 100 2.73 2.35 3.00 3.20 2.53 
150 2.74 2.11 3.21 2.87 2.80 
200 2.16 2.08 2.65 2.92 2.51 
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Table 29, Effect of source and rate of P applied on K concentration of 
ryegrass produced on Grundy soil 
Rates of P K concentration (%) at cutting specified 
Source of P (mg/pot) 1" Qnd 3rd 4"  ^
Control - 3.76 3.54 3.45 1.11 1.13 
Ag- WAS 50 3.38 2.56 3.10 2.96 2.62 
100 3.56 2.40 2.97 2.34 2.49 
150 3.32 2.19 2.63 2.37 2.61 
200 3.39 3.00 2.20 2.29 74.80 
SMB 50 3.70 2.46 3.35 2.95 2.48 
100 3.57 2.34 3.09 2.55 2.58 
150 3.71 2.02 2.85 2.51 2.25 
200 
3.42 2.26 2.86 2.73 1.99 
CSA 50 4.49 3.11 3.64 3.32 3.13 
100 4.93 3.84 4.08 3.34 2.19 
150 4.55 3.70 3.73 3.07 2.27 
200 4.95 3.42 4.00 2.87 2.24 
BW 50 3.30 2.25 3.24 3.20 2.90 
100 3.19 2.07 2.66 2.60 2.61 
150 3.15 1.98 2.48 2.50 2.21 
200 3.39 2.11 2.89 2.27 2.04 
SBM 50 3.98 2.22 3.43 2.74 2.66 
100 3.22 2.30 3.47 2.93 2.62 
150 3.23 2.14 2.65 2.54 1.92 
200 3.04 2.14 2.72 2.34 1.84 
Dairy manure 50 3.53 2.60 3.56 3.16 2.40 
100 4.41 3.01 3.87 2.95 2.02 
150 4.87 3.23 3.21 2.64 2.78 
200 5.40 3.86 3.55 3.08 2.75 
Chicken manure 50 3.99 2.46 3.40 3.78 2.40 
100 3.98 2.81 3.47 2.60 2.29 
150 4.39 3.49 3.53 2.82 2.59 
200 4.86 3.47 3.41 2.80 2.55 
Swine manure 50 3.70 2.21 3.65 3.40 2.83 
100 3.64 2.64 2.75 2.88 2.69 
150 3.73 2.56 3.09 2.56 2.76 
200 3.65 2.73 2.89 2.63 2.46 
Monobasic calcium 50 3.48 2.34 3.06 3.69 1.96 
phosphate 100 3.43 2.53 3.45 3.24 2.83 
150 3.74 2.37 2.93 2.42 2.39 
200 3.34 2.46 2.78 2.40 2.55 
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Table 30. Effect of source and rate of P applied on K concentration of 
ryegrass produced on Clinton soil 
Rates of P K concentration (%) at cutting specified 
Source of P (mg/pot) 1" fjnd 3rd 4^^ 
Control - 4.08 3.39 3.89 no yield no yield 
Ag- WAS 50 4.63 3.12 3.19 3.73 2.01 
100 3.95 3.19 2.94 3.09 no yield 
150 4.08 2.45 3.10 2.57 2.00 
200 4.52 2.29 2.73 2.61 2.33 
SMB 50 4.12 2.74 3.67 4.34 3.26 
100 4.24 2.49 3.04 3.10 2.47 
150 3.84 2.65 3.21 3.07 2.56 
200 4.32 2.68 2.97 2.89 2.59 
CSA 50 4.85 3.46 3.79 3.81 2.79 
100 5.31 3.27 3.50 2.89 2.93 
150 5.21 4.28 3.68 2.81 2.59 
200 5.25 4.44 3.81 3.36 2.87 
BW 50 4.08 2.56 3.15 3.79 2.23 
100 4.40 2.73 3.30 3.29 2.33 
150 4.44 2.17 2.84 2.75 2.26 
200 3.82 2.02 2.55 2.56 2.11 
SBM 50 4.58 2.94 3.56 2.46 1.23 
100 4.30 2.75 3.74 3.62 2.66 
150 4.34 2.86 3.49 3.29 2.33 
200 3.95 2.54 2.80 2.88 2.85 
Dairy manure 50 4.57 2.92 3.46 3.76 2.44 
100 4.86 2.87 3.58 2.79 2.60 
150 4.40 3.23 3.40 2.86 2.22 
200 4.74 3.49 3.46 2.66 2.66 
Chicken manure 50 4.53 2.82 3.12 3.20 2.77 
100 4.65 3.22 3.50 2.93 2.71 
150 4.87 3.30 3.37 2.84 2.66 
200 5.09 3.43 3.36 2.36 2.87 
Swine manure 50 4.15 2.87 3.42 3.70 2.83 
100 4.53 2.56 2.99 3.14 2.49 
150 3.77 2.54 2.92 2.58 2.21 
200 4.42 2.74 3.03 2.77 2.77 
Monobasic calcium 50 4.66 2.79 3.27 4.12 3.02 
phosphate 100 4.57 2.75 3.40 3.56 3.06 
150 3.87 2.65 3.24 3.01 2.52 
200 3.83 2.38 3.16 2.78 2.60 
Table 31. Effect of source and rate of P applied to ryegrass on means of soil pH-H2() 
Soil pH at rate of P applied (mg) per kg of soil specified* 
Gosport soil Grundy soil Clinton soil 
Source of P 50 100 150 200 50 100 150 200 50 100 150 200 
Biotechnology by-products 
Ag- WAS 5.3 5.8 6.2 6.8 5.5 6.5 6.6 7.3 4.0 4.1 4.3 5.6 
SMB 4.8 4.9 4.7 4.8 4.7 4.7 4.6 4.6 4.1 4.5 4.5 4.4 
CSA 5.3 5.5 4.7 6.3 4.8 5.0 5.0 5.2 4.4 4.7 4.9 5.1 
BW 5.0 4.9 4.7 4.6 4.5 4.5 4.3 4.2 4.2 4.3 4.3 4.2 
SBM 4.7 5.0 4.7 5.1 4.2 4.6 4.7 4.7 4.1 4.2 4.4 4.6 
Animal manures 
Dairy 5.3 5.9 6.4 6.5 5.0 5.4 5.7 6.1 4.7 5.2 5.4 5.7 
Chicken 5.6 6.3 6.8 7.1 5.0 5.4 6.1 6.5 4.9 5.5 5.9 6.2 
Swine 5.1 5.4 5.5 5.6 4.5 5.1 4.7 4.9 4.2 4.6 4.7 4.8 
Inorganic P 
Monobasic calcium 4.7 4.7 4.7 5.0 4.4 4.4 4.6 4.5 4.0 4.2 4.4 4.3 
phosphate 
* Soil PH-H2O for control (0 mg P) are 4.5 for Gosport, 4.3  for (Jrundy, and 4.1 for Clinton soil. 
Least significant difference between treatments are 0.33 (/}<().()5) and 0.43 (/}<0.01) 
138 
Table 32. Analysis of variance of effects of biotechnology by-products and 
animal manures on several properties of ryegrass and soil 
Source Total dry Yield p Soil 
of variation matter® Total P ofP recovered pH 
Block F value 60.2 6.6 20.5 18.0 15.7 
Significance level ** kic ieie ** ** 
Source of P F value 33.7 75.0 75.5 44.6 276.9 
Significance level ** •• ieie ** 
Rate F value 352.6 994.3 1028 44.1 147.5 
Significance level ** ** kie ** ** 
Soil F value 136.1 136.2 137.9 170.9 408.8 
Significance level ** ** ** 
P X Rate F value 5.9 12.0 7.5 2.0 17.3 
Significance level ieit ** ns ** 
P X Soil F value 31.8 16.7 27.8 26.8 27.5 
Significance level •kit ieir ** ** ieie 
Rate X Soil F value 13.0 17.5 14.2 2.5 0.9 
Significance level i f k  ** Tir* * ns 
P X Rate X Soil F value 2.8 2.1 1.5 2.9 1.3 
Significance level ns ** * ** ns 
® **, *, and ns are significant at P< 0.01, 0.05, and non significant, respectively. 
a group biotechnology by-products, animal manures, and monobasic calcium 
phosphate, significantly affected most crop parameters (dry matter yield, total 
P, yield of P, and percentages of P recovered) and soil pH (Table 33). 
The effect of different sources of P on dry matter yield of ryegrass is 
shown in Figiires 45-48, and response curves for the relationship between total 
of dry matter yield produced as a function of the amount of P added per kg of 
soil are shown in Figures 49-53 for biotechnology by-products, in Figures 54-56 
for the animal manures, and in Figure 57 for the monobasic calcium phosphate 
fertilizer. In genersil, the data firom Clinton soil presented more variability in 
139 
Table 33. Effect of sources of P on means of several parameters of ryegrass and 
soil 
Total dry Yield P Soil 
Material matter® Total P ofP recovered pH 
gpot-i -%- g pot-i 
Control (CO) 4.9 0.08 4.7 - 4.3 
Biotechnology by-products (BB) 
Ag.WAS 21.1 0.16 36.0 27.4 5.5 
SMB 23.4 0.23 58.1 43.8 4.8 
CSA 25.2 0.19 51.6 39.0 4.9 
BW 22.2 0.18 45.9 34.0 4.5 
SBM 20.1 0.17 37.3 27.0 4.6 
Animal manures (AM) 
Dairy 20.8 0.21 44.5 33.1 5.6 
Chicken 23.0 0.17 41.2 31.8 5.7 
Swine 22.1 0.19 44.3 32.6 4.9 
Inorganic fertilizer (CP) 
Monobasic 19.6 0.18 39.1 28.6 4.6 
calcium phosphate 
Contrasts 
CO vs. All P Estimate -19.9 -0.11 -39.5 - -0.8 
Significance level ** itir ** 
CP vs. BB+AM Estimate -2.6 -0.01 -5.8 -5.0 -0.6 
Significance level ** ** ** ** 
CP vs. BB Estimate -2.8 -0.01 -6.7 -5.7 -0.4 
Significance level ** ** ** ** ** 
CP vs AM Estimate -2.3 -0.01 -4.2 -3.8 -1.0 
Significance level •kit Kr* ** •kit 
BB vs AM Estimate 0.5 0 2.4 1.9 -0.6 
Significance level *Hr ns ** ** ** 
^ **, *, and ns are significant at p< 0.01, 0.05, and non significant, respectively. 
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Figure 45. Effect of source of P applied at 50 mg P kg ' soil on dry matter yield of ryegrass produced on 
the three soils. Different letters indicate significantly different means at p<0.05 by using LSD 
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Figure 46. Effect of source of P applied at 100 mg P kg^ soil on dry matter yield of ryegrass produced on 
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Figure 48. Effect of source of P applied at 200 mg P kg ' soil on dry matter yield of ryegrass produced on 
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test 
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Figure 50. Effect of rate of P of sterilized microbial biomass (SMB) on total of dry matter yield of ryegrass 
produced on the three soils. Solid circles are means of three replications 
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Figure 51. Effect of rate of P of corn stalk ash (CSA) on total of dry matter yield of ryegrass produced on 
the three soils. Solid circles are means of three replications 
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Figure 52. Effect of rate of P of base water (BW) on total of dry matter yield of ryegrass produced on the three 
soils. Solid circles are means of three replications 
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53. Effect of rate of P of steamed bone meal (SBM) on total of dry matter yield of ryegrass produced 
on the three soils. Solid circles are means of three replications 
Gosport soil 
Y = 9.775 + 0.201X - 7.847e-4X' 
= 0.900 
Grundy soil 
Y = 3.817 + 0.285X - 1.038e-3X' 
= 0.910 
Clinton soil 
Y = 4.394 + 0.273X - 9.158e-4X' 
= 0.946 
• 
>4^ 
CO 
5 0  100 150 200 5 0  100 150 200 0 5 0  100 150 200 
P added (mg P kg'^ soil) 
Figure 54. Effect of rate of P of dairy manure on total of dry matter yield of ryegrass produced on the three 
soils. Solid circles are means of three replications 
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Figure 55. Effect of rate of P of chicken manure on total of dry matter yield of ryegrass produced on the 
three soils. Solid circles are means of three replications 
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Figure 56. Effect of rate of P of swine manure on total of dry matter yield of ryegrass produced on the three 
soils. Solid circles are means of three replications 
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Figure 57. Effect of rate of P of monobasic calcium phosphate on total of dry matter yield of ryegrass 
produced on the three soils. Solid circles are means of three replications 
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cumulative dry matter yield among treatments. In Gosport and Grundy soils, 
biotechnology by-products and animal manures affected the dry matter yield of 
ryegrass in similar manner to that of standard P fertilizer in every cutting 
(Figures 58-69). 
Soil series has significant effect on dry matter yield. The effect of soil 
series on dry matter yield was very apparent when we compare dry matter 
yield of control in all soils (Figures 45-48). In Gosport soil, the dry matter yield 
produced every month was almost constant, but in Grundy and Clinton soils, 
most of the cumulative dry matter yields were produced in first month, and 
only small amounts of dry matter were produced after the first month. This 
difference indicates that, although Gosport soil contains low total P, it was able 
to supply P constantly to ryegrass, while Grundy and Clinton soils could not 
keep enough available P in soil solution for plant growth. One of the reasons 
for the differences among the soil in supplying P to ryegrass is that the Gosport 
soil has lower P fixing capacity compared with the other two soils. Gosport soil 
is dominated by illite and has coarser texture than Grundy and Clinton soils 
(Table 1). 
Biotechnology by-products 
The biotechnology by-products produced significantly greater dry matter 
yields than those produced by control pots (no P added), monobasic calcium 
phosphate, or animal manures (Table 33). However, the effect of these 
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Figure 69. Effect of sources of P applied at 200 mg P kg ' soil on cumulative dry matter yield of 
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biotechnology by-products varied greatly depend on the source and rate of P, 
and the soil used (Figures 45-48). At low rates of P (50 and 100 mg P kg-^ soil), 
among the biotechnology by-products that produced the highest dry matter 
5aelds were CSA in Gosport and Clinton soils, and Ag.WAS in Grundy soil 
(Figures 45-46). 
At 150 mg P kg-^ soil, all biotechnology by-products produced 
significantly greater dry matter 5delds than those produced in the control pots, 
and greater or similar to those produced by monobasic calcium phosphate 
(Figure 47). Several biotechnology by-products produced significantly greater 
dry matter yields than those produced by monobasic calcium phosphate. Those 
included: Ag.WAS in Gosport soil, Ag.WAS and CSA in Grundy soil, SMB, CSA, 
and BW in Clinton soil. Among the biotechnology by-products, Ag.WAS 
produced the lowest dry matter yield when applied at 50 to 150 mg P kg-i soil. 
At the highest rate of P (200 mg P kg-i soil), all biotechnology by­
products produced significantly greater dry matter than those produced by the 
control pots of all the soils (Figure 48). Several biotechnology by-products, such 
as CSA in Clinton soil and all biotechnology by-products in Grundy soil, 
produced significantly greater dry matter shields than those produced with 
monobasic calciiun phosphate. The dry matter yield produced by biotechnology 
by-products and calcium phosphate in decreasing order were: SMB> 
CSA>Ag.WAS>BW>SBM> monobasic calcium phosphate for the Gosport soil, 
CSA> Ag.WAS> SMB> BW>SBM>monobasic calcium phosphate for the 
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Grundy soil, and CSA> SMB> SBM>BW>Ag.WAS> monobasic calcium 
phosphate for the Clinton soil. Among biotechnology by-products, Ag.WAS 
produced the lowest dry matter yield in the Clinton soil. 
Plant growth responses to the five biotechnology by-products applied to 
the soils are illustrated in Figures 49-53. These response curves show the 
differences among the biotechnology by-products in their ability to supply 
plants with P. By using three replications, quadratic equations were used to 
describe the relationship between dry matter yield and rates of P applied to 
each soil. In all these relationships R2>0.83. In general, increasing the rate of 
P increased dry matter 3aeld up to certain point, then it remained constant or 
slightly decreased. A sharp increase in dry matter 3aeld was observed with 
increase of the rate of most of the biotechnology by-products when applied at 50 
or 100 mg P kg-^ soil. Meanwhile for calcium phosphate, the maximum dry 
matter 5deld was obtained at 100 mg P kg-^ soil on Gosport, 150 mg P kg-i soil 
on Grundy, and 200 mg P kg^ soil on Clinton soil. The suppression of growth 
at high rate of P more apparent in calcium phosphate than in biotechnology by­
products application (Fig\ire 57). 
With a few exceptions, the relationship between cumulative dry matter 
yields and number of cutting was linear, suggesting a constant rate of ryegrass 
growth within the five month periods (Figures 58-61) 
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Animal manures 
Statistical analysis showed that the dry matter yields produced with 
animal manures was significantly greater than those produced with monobasic 
calcium phosphate (Table 33). Working with farm yard manure (FYM) and 
superphosphate as sources of P, Jensen (1982) explained that P is of great 
importance for root development, and the differences in growth rate between 
treatments applied with superhosphate and FYM were based upon a faster 
development of root system, more P uptake, with FYM application than with 
superphosphate application. 
Dry matter yield produced with animal manures varied greatly, 
depending on the soil series, and the rate and type of animal manure. At low 
rate of P (50 mg P kg-^ soil), application of animal manure did not produce 
significantly different dry matter yields than those produced with monobasic 
calcium phosphate in the Gosport soil. However, dairy and chicken manures in 
the Grundy soil and all animal manure in the Clinton soil produced 
significantly greater dry matter yields than those produced with monobasic 
calcium phosphate. Similar results were found with 100 mg P kg-^ soil 
application, except that only dairy and swine manures produced greater dry 
matter 5delds than those produced with monobasic calcium phosphate in the 
Grundy soil (Figure 46). 
At 150 mg P kg-^ soil application, except for dairy manure, there was no 
significant difference in dry matter yields among animal manures and calcium 
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phosphate application in the Gosport and Grundy soils (Figure 47). Application 
of animal manures to the Clinton soil produced significantly greater drj' matter 
yields than those produced by calcium phosphate. 
At 200 mg P kg-i soil application, chicken manure in Clinton soil was the 
only animal manure that produced significantly greater dry matter yields than 
those produced with monobasic calcium phosphate (Figure 48). The order of 
animal manures and calcium phosphate that produced the highest to the least 
dry matter yields were: calcium phosphate>swine manure>chicken manure> 
dairy manure for the Gosport soil; swine manure=chicken manure> calcium 
phosphate> dairy manure for the Grundy soils; and chicken manure>swine 
manure> dairy manure>calcium phosphate for the Clinton soil. At 150 and 200 
mg P kg-i soil application, dairy manure produced the least dry matter yield 
among other manures. 
Plant growth responses to animal manures application are presented in 
Fig\ires 54-56. Relationships between dry matter yields and the amount of P 
added were described by using quadratic equations, with R2>0.9. These 
response cvxrves show clearly the suppression effect of high rate of animal 
manures application on dry matter yield of ryegrass. In the Gosport soil, all 
the animal manures showed suppressing effect on dry matter jdelds when 
applied at the highest rate. Reduction of dry matter 3deld also occurred when 
dairy manure was applied to the Grundy soil. In addition, application of 
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200 mg P kg-i soil as swine manure reduced dry matter yields of ryegrass in the 
Clinton soil (Figure 56). 
The relationships between cumulative dry matter yield responses with 
animal manure as sources of P and the number of cuttings are shown in 
Figures 58-69. In general, the cumulative dry matter yields increased almost 
linearly with increasing the number of cuttings, suggesting a constant rate of 
ryegrass growth during the five-month period. In addition, the increase of 
plant age most likely increased the difference on dry matter yields produced by 
animal manures and calcium phosphate as suggested by Jensen (1991) who 
studied after effect of different sources of P. He found that the yield of sugar 
beet was significantly greater after application of cattle slurry than after 
application of superphosphate. 
Yield of Phosphorus 
From the dry matter yields and percentages of P in the harvested 
ryegrass, the yields of P were calculated. The mean values of P concentrations 
in ryegrass for each cutting are presented at Tables 18-20. The individual data 
are reported in the Apendix (Tables A2-A6), There was a high variability of P 
concentrations in plant tissue, depending not only on the amount of fertihzer 
applied, but also on the source of P which resulted in variable the dry matter 
yield. These tables also showed that the first cutting of ryegrass had the 
highest P concentrations which decreased with increasing number of cutting. 
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Among the different rates of P applied, in general, increasing fertilizer 
application resulted in increasing P concentration in ryegrass (Table 32). 
Biotechnology by-products 
Biotechnology by-products application produced significantly greater 
yield of P than those produced by control pots, monobasic calcium phosphate, or 
animal manures (Table 32). The effect of different sources of P on yield of P in 
ryegrass is shown in Figures 70-73. Except for Ag.WAS and SBM in the 
Gosport soil, and Ag.WAS in the Clinton soil, almost all biotechnology by­
products produced similar or significantly greater jdeld of P than those 
produced by monobasic calcium phosphate. At 50 mg P kg-^ soil, application of 
biotechnology by-products produced similar yield of P, except for SMB in the 
Gosport soil and Ag.WAS in the Clinton soil that produced lower yield of P; 
Ag.WAS and SMB in the Grundy soil and CSA in the Clinton soil that produced 
significantly greater yield of P than those produced by monobasic calcium 
phosphate application (Figure 70). Several biotechnology by-products produced 
significantly greater yield of P at 100 mg P kg-i soil than those produced by 
monobasic calcium phosphate. These included SMB and CSA in the Gosport 
and Clinton soils, and all biotechnology by-products in the Grundy soil. While 
Ag.WAS in the Clinton soil produced lower yield of P than those produced by 
calcium phosphate (Figure 71), 
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At 150 and 200 mg P kg-i soil, Ag.WAS and SMB in the Gosport soil and 
Ag.WAS in the Clinton soil produced the lowest yields of P among the 
biotechnology by-products. Several biotechnology by-products produced the 
greatest yields of P. These included SMB and CSA when added to all soils 
(Figures 72-73). The order of biotechnology by-products and monobasic calcium 
phosphate that produced the highest to the least yields of P were: SMB> 
BW>CSA> monobasic alcium phosphate> SBM>Ag.WAS for the Gosport soil; 
SMB>CSA>Ag.WAS> BW> SBM> monobasic calcium phosphate for the 
Grundy soLl; and CSA>SMB>BW> SBM> monobasic calcium phosphate> 
Ag.WAS for the Clinton soil. 
Response curves that show the relationships between the rate of P 
applied and yield of P are presented in Figures 74-78. These response curves 
show that increasing in rate of biotechnology by-product increased yield of P; 
all responses fitted quadratic or linear equations with R2>0.86. In general, 
most of the cummulative P yields were produced in the first cutting (Figures 
83-94). These curves indicate that P was more available during first month of 
application, then it became depleted as the number of cutting increased. 
Animal manures 
Animal manures produced significantly greater P yields than those by 
the monobasic calcium phosphate treatments. Compared to biotechnology by­
products, animal manure produced significantly lower yield of P even though 
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there was no significant different in P concentrations among those produced by 
biotechnology by-products and animal manure application (Table 33). The 
effect of animal manures on yield of P varied depending on rate, source of P, 
and soil series. 
There was no significant difference among animal manures and calcium 
phosphate in Gosport and Grundy soil, except for chicken manure that 
produced lower yield of P than those produced by calcium phosphate when it 
was applied at 150 — 200 mg P kg"! soil (Tables 72 and 73). 
Response curves that show the relationships between the rate of P 
applied and yield of P are presented in Figure 79-81. These response curves 
show that increasing in rate of animal manures increased yield of P; ail 
responses fitted quadratic or hnear equations with R2>0.94. Cumulative yields 
of P showed that yield of P was largely produced in the first cutting, then 
decreased with time. This indicates that P was more available during the first 
cutting than the subsequent cuttings. This result is in agreement with report 
by Jensen (1982), who reported that the greater absorption of P firom 
superphosphate at the earliest cuttings. 
Relationship Between Dry Matter Yield and Yield of Phosphorus 
As discussed in Part I with corn, assvuning all other nutrient are present 
at sufficient concentration, and assuming the biotechnology by-products and 
animal maniires added as sources of P did not significantly affect the plant root 
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Figure 81. Effect of rate of P of swine manure on total yield of P in ryegrass produced on the three soils. 
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Figure 91. Effect of source of P applied at 50 mg P kg ' soil on cumulative yield of P in ryegrass 
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environment, one expect linear relationship between dry matter yield and yield 
of P. The result reported in Figures 95-103 show that the relationship was 
curvilinear, suggesting that there was nutrient limitation other than P (see the 
percentages of N and K in Tables 25-27 and 28-30, respectively) or that the P 
sources added significantly affected of the root environment. It appears that 
the available P and/or the available N and K was limiting after the first 
cuttings (see Figures 70-73). 
Percentages of P Recovered 
Expressed as percentages of total P added, the means of P recovered in 
ryegrass are summarized in Table 24, and varied considerably among the soils, 
the biotechnogy by-products, and the animal manures used. In general, the 
percentage of P recovered in ryegrass decreased with increasing the rate of P 
application (Figures 104-106). The amounts of the applied P recovered by the 
five cuttings of ryegrass from all sources, averaged 28.4% for the Gosport soil, 
40.1% for the Grundy soil, and 30.5% for the CHnton soil. These values are 
higher than those reported (15%) by Fardeau (1996) for corn. Meanwhile, 
working with coUard and cabbage, Lu and Edward (1994) found that after four 
successive growth periods, about 3 - 25% of the P added through poultry litter 
was recovered by plants. As Thomas (1966) stated a relatively small amount of 
the applied P (10-30%) is assimilated by the first crop, while the remaining has 
some residual value, although the efficiency decrease each succeeding year so 
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Figure 95. Relationship between total of dry matter yield and total yield of P of ryegrass produced on the 
three soils treated with five rates of agricultural waste activated sludge (Ag.WAS) 
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Figure 96. Relationship between total of dry matter yield and total yield of P of ryegrass produced on the 
three soils treated with five rates of sterilized microbial biomass (SMB) 
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Figure 97. Relationship between total of dry matter yield and total yield of P in ryegrass produced on the 
three soils treated with five rates of corn stalk ash (CSA) 
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Figure 98. Relationship between total of dry matter yield and total yield of P of ryegrass produced on the 
three soils treated with five rates of base water (BW) 
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Figure 99. Relationship between total of dry matter yield and total yield of P of ryegrass produced on the 
three soils treated with five rates of steamed bone meal (SBM) 
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100. Relationship between total of dry matter yield and total yield of P of ryegrass produced on the 
three soils treated with five rates of P as dairy manure 
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Figure 101. Relationship between total of dry matter yield and total yield of P of ryegrass produced on the 
three soils treated with five rates of chicken manure 
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Figure 102. Relationship between total of dry matter yield and total yield of P of ryegrass produced on the 
three soils treated with five rates of swine manure 
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103. Relationship between total of dry matter yield and total yield of P of ryegrass produced on the 
three soils treated with five rates of monobasic calcium phosphate 
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Figure 106. Effect of rate of P applied on percentage of P recovered in ryegrass produced on Clinton 
soil 
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that it down to 1 - 3% after four or five years. Phosphorus recovery by plants is 
relatively low compared with that of a mobile nutrient such as N. Cantarella 
and Tabatabai (1983) found that the N recovery from different amide 
compounds by four cuttings of ryegrass could reach >92%. 
Soil pH 
Soil pH was measured after ryegrass harvesting so that soil pH was a 
result of interaction among several factors such as soil properties, fertilizer 
applied, and biochemical processes in soil. The means of pH values of soil after 
termination of the greenhouse experiment are reported in Table 31. The 
results of the individual pots are reported in the Appendix (Table A2). 
Statistical analysis (ANOVA) showed that the pH values were significantly 
affected by the source and the rate of P application and the soil series (Table 
32). In general, increasing the rate of P material increased the soil pH (Figures 
108-110). 
AppUcation of biotechnology by-products, especially SMB, and monobasic 
calcium phosphate in all rates in the three soils reduced the initial soil pH 
(compared Table 1 with Table 31). These decreases in pH could be a result of 
the UAN added before and after each cutting. 
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Figure 108. Effect of rate of P applied to ryegrass on soil PH-H2O on Grundy soil 
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Figure 107. Effect of rate of P applied to ryegrass on soil PH-H2O on Gosport soil 
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200 
216 
SUMMARY AND CONCLUSIONS 
Phosphorus is an important macronutrient for plant growth and 
development. It is involved in most plant metabolic processes. Among several 
sources of P, biotechnology by-products and animal manures have received 
considerable attention in recent years because of their potentials as sources of 
plant nutrients and their role in surface and ground water pollution with N and 
P. 
Greenhouse experiments were conducted by using three Iowa surface 
soils (Gosport, Grundy, and Clinton soils) to assess the potential of some 
biotechnology by-products and animal manures as sources of P for corn and 
ryegrass. The biotechnology by-products tested were agricultural waste 
activated sludge (Ag.WAS), sterilized microbial biomass (SMB), corn stalk ash 
(CSA), base water (BW), and steamed bone meal (SBM). The animal manures 
tested were dairy, chicken, and swine manures. The result were compared 
with those obtained with monobasic calcium phosphate. The study consisted of 
two similar experiments by using corn and ryegrass as indicator plants. 
The experimental design was a 9 x 5 x 3 factorials, where five rates (0, 
50, 100, 150, 200 mg P kg-^ soil) of nine P sources (five biotechnology by­
products, three animal manures, and monobasic calcium phosphate as 
comparison) applied to three soils. The layout of these experiments was 
randomized complete block designs with three replications. All macro- and 
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micronutrients were added in sufficient amounts, with P as a variable. After 40 
days, corn tops were harvested while ryegrass was harvested every 30 days for 
five cuttings. Plant samples were dried at 65 °C for three days, weighed, 
ground, then analyzed for P, N, and K. 
The findings can be summarized as follows: 
1. For all sources of P applied, increasing P application significantly 
increased dry matter yield of corn. Biotechnology by-products produced 
significantly greater dry matter yield than those produced by the control 
pots (no P added) and did not differ significantly from those produced by 
conventional P fertilizer and animal manures. Application of the 
biotechnology by-products SMB and CSA resulted in the greatest dry 
matter yields; whereas Ag.WAS produced the least dry matter yield. 
2. Increasing the rate of P in biotechnology by-products increased dry 
matter yield up to certain point, then it decreased somewhat at highest 
rate tested. Quadratic models were used to describe the relationship 
between the dry matter yield and rate of P. 
3. Animal manures produced significantly greater dry matter yield of corn 
than those produced in the control pots, but were not significantly 
different firom those obtained by monobasic calcium phosphate. Among 
animal manures, swine manure produced highest and dairy manure the 
least dry matter 3deld of com. 
218 
In general, at the highest rate of P, yield of P in corn tops decreased in 
the following P treatment order: SMB > BW>CSA>calcium phosphate> 
SBM> Ag.WAS. Animal manures produced yield of P higher 
significantly than control and biotechnology by-products, but did not 
show significant difference with those produced by calcium phosphate. 
There was no significant difference in the percentages of P recovered 
among the biotechnology by-products, animal manures, and monobasic 
calcium phosphate as source of P for corn. The percentages of P 
recovered ranged from 0 in Clinton soil treated with 0 or 100 mg P kg-^ 
soil in the case of Ag.WAS to 25.2% in Clinton soil treated with 50 mg P 
kg-i soil in case of CSA. In general, increasing the rate of P application 
decreased P recovery in corn tops. 
Statistical analysis (ANOVA) showed that the pH values were 
significantly affected by the source and rate of P application and the soil 
used. Application of biotechnology by-products reduced soil pH, 
especially in the Grundy and Clinton soils. 
In general, increasing the rate of P application significantly increased 
the dry matter yield of ryegrass. Among the biotechnology by-products, 
in general, CSA and SMB produced the greatest dry matter yield, 
whereas Ag.WAS and SBM produced the least dry matter yield. 
Animal manures produced significantly greater dry matter jdeld than 
those produced by monobasic calcium phosphate. 
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9. The first cutting of ryegrass contained the highest P concentration, 
which decreased with subsequent cutting. 
10. Biotechnology by-products application resulted in significantly greater 
yield of P in ryegrass than those produced by monobasic calcium 
phosphate or animal manures. 
11. The biotechnology by-products SMB and CSA produced the highest yield 
of P in ryegrass, while Ag.WAS produced the least jdeld of P. 
12. Animal manures produced significantly greater yield of P than 
monobasic calcium phosphate, but lower than biotechnology by-products, 
even though there was no significant difference in P concentration 
among those produced by biotechnology by-products and animal manure 
application. 
13. Application of biotechnology by-products and animal manures resulted in 
P recoveries greater than those produced by conventional P fertilizer. 
The amounts of the applied P recovered by the five cuttings of ryegrass 
from all sources, averaged 28.4% for the Gosport soil, 40.1% for the 
Grundy soil, and 30.5% for the Clinton soil. 
14. Most of the P recovered by ryegrass was less than the amount of 
inorganic P added. This indicates that, during five months of growth, 
ryegrass absorbed P firom inorganic P sources, and there was little 
possibility that organic P was mineralized. 
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15. Application of biotechnology by-products, especially SMB, and monobasic 
calcium phosphate in all rates in the three soils reduced the initial soil 
pH. The decrease in pH could be a result of the urea ammonium nitrate 
added before and after each cutting. 
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APPENDIX 
Table Al. Dry matter yields, yields of P, and N, P, and K concentrations of corn tops produced on three soils 
Treat. # Soil 
Rate Dry matter Average 
Fertilizer mg P/kg yield (g) (g) % P 
Yield of P 
(mg) 
Average 
(mg) % N o/o K pH-HjU 
1 GoBport 2.88 
1.06 
3.05 
2.33 0.085 
0.093 
0.110 
2.45 
0.99 
3.36 
2.26 4.42 
5.09 
4.01 
2.54 
3.02 
3.68 
4.52 
4.90 
4.55 
2 Goeport Ag.WAS 50 5.33 
7.77 
8.88 
7.33 0.108 
0.106 
0.140 
5.76 
8.24 
12.4 
8.81 2.76 
2.92 
3.28 
1.82 
2.01 
2.09 
5.05 
4.95 
4.87 
3 Gosport Ag.WAS 100 8.01 
7.62 
8.96 
8.20 0.136 
0.165 
0.145 
10.9 
12.6 
13.0 
12.15 2.79 
3.18 
3.39 
1.70 
2.44 
2.15 
5.42 
5.00 
5.00 
4 Gosport Ag.WAS 150 8.90 
8.70 
12.8 
10.1 0.123 
0.096 
0.117 
10.9 
8.35 
15.0 
11.43 2.39 
2.18 
2.75 
1.80 
1.90 
1.80 
6.37 
6.13 
6.24 
to 
to to 
5 Gosport Ag.WAS 200 8.00 
7.66 
10.0 
8.55 0.135 
0.123 
0.147 
10.8 
9.42 
14.7 
11.64 2.75 
2.57 
2.95 
2.00 
2.37 
1.99 
6.90 
6.70 
6.75 
6 Gosport SMB 50 10.3 
13.2 
11.9 
11.8 0.090 
0.119 
0.140 
9.27 
15.7 
16.7 
13.88 2.92 
2.90 
2.74 
0.97 
1.46 
1.70 
5.22 
5.00 
4.92 
7 Gosport SMB 100 14.9 
17.4 
17.1 
16.5 0.132 
0.126 
0.119 
19.7 
21.9 
20.3 
20.65 2.75 
2.62 
2.59 
1.41 
1.19 
1.34 
5.18 
5.28 
5.05 
Table Al. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) % P 
8 Gosport SMB 150 13.9 17.3 0.150 
20.8 0.146 
17.3 0,165 
9 Gosport SMB 200 17.0 17.9 0.135 
18.2 0.173 
18.4 0.175 
10 Gosport CSA 50 10.0 11.1 0.129 
9.10 0.159 
14.1 0.105 
11 Gosport CSA 100 11.7 14.2 0.141 
15.2 0.172 
15.6 0.133 
12 Gosport CSA 150 15.2 15.4 0.181 
17.0 0.165 
14.1 0.131 
13 Gosport CSA 200 12.5 14.7 0.212 
16.2 0.171 
15.3 0.181 
14 Gosport BaseWt. 50 9.72 11.0 0.132 
13.4 0.122 
9.95 0.152 
15 Gosport BaseWt. 100 13.5 15.0 0.131 
13.6 0.167 
18.0 0.143 
Yield of P Average 
(mg) (mg) % N % K PH-H2O 
20.9 
30.4 
28.5 
26.59 2.94 
2.38 
2.96 
1.49 
1.21 
1.39 
5.35 
5.21 
4.96 
23.0 
31.5 
32.2 
28.88 2.74 
2.84 
2.93 
0.84 
1.31 
1.38 
5.22 
5.30 
4.92 
12.9 
14.5 
14.8 
14.06 3.00 
3.36 
2.94 
2.58 
3.25 
2.24 
5.16 
4.93 
4.91 
16.5 
26.1 
20.7 
21.13 2.72 
3.03 
3.07 
2.65 
2.56 
2.63 
5.50 
5.33 
5.06 
to 
tS3 03 
27.5 
28.1 
18.5 
24.68 3.12 
3.13 
3.16 
2.75 
3.34 
2.79 
5.21 
5.48 
5.45 
26.5 
27.7 
27.7 
27.30 3.36 
3.23 
3.57 
3.64 
3.09 
3.96 
5.72 
5.82 
5.70 
12.8 
16.3 
15.1 
14.77 3.13 
2.95 
3.38 
1.59 
1.34 
1.83 
5.05 
4.68 
4.52 
17.7 
22.7 
25.7 
22.05 2.87 
3.39 
2.90 
1.19 
1.38 
1.17 
5.10 
5.10 
4.76 
Table Al. (Continued) 
Rale Dry matter Average 
Treat, it Soil Fertilizer mg P/kg yield (g) (g) % P 
16 Gosport BaseWt. 150 13.4 16.8 0.144 
18.4 0.162 
18.5 0.151 
17 Gosport BaeeWt. 200 13.6 18.8 0.180 
19.4 0.189 
23.3 0.163 
18 Gosport SBM 50 6.72 7.38 0.101 
8.57 0.121 
6.86 0.109 
19 Gosport SBM 100 10.0 10.9 0.171 
12.8 0.166 
9.95 0.179 
20 Gosport SBM 150 11.0 13.9 0.139 
17.6 0.124 
13.2 0.178 
21 Gosport SBM 200 11.4 13.6 0.166 
13.8 0.145 
15.7 0.165 
22 Gosport Dairy 50 9.43 10.7 0.115 
11.1 0.126 
11.6 0.130 
23 Gosport Dairy 100 11.8 12.7 0.147 
10.4 0.187 
15.9 0.163 
Yield of P Average (mg) (mg) % N % K PH-H2O 
19.3 
29.8 
27.9 
25.68 2.63 
2.99 
3.16 
1.14 
1.14 
1.09 
5.01 
4.64 
4.58 
24.5 
36.7 
38.0 
33.04 3.27 
2.91 
2.66 
1.16 
1.09 
1.01 
4.86 
4.71 
4.77 
6.79 
10.4 
7.48 
8.21 3.48 
3.16 
4.04 
1.54 
1.67 
2.49 
4.93 
4.65 
4.56 
17.1 
21.2 
17.8 
15.3 
21.8 
23.5 
18.72 
20.20 
3.04 
3.12 
3.64 
2.91 
2.53 
3.00 
1.51 
1.27 
1.62 
1.12 
0.89 
1.28 
4.89 
4.92 
4.71 
5.41 
5.04 
4.71 
to 
to 4^ 
18.9 
20.0 
25.9 
21.61 3.04 
3.12 
3.39 
1.17 
1.07 
1.13 
5.29 
5.12 
5.05 
10.8 
14.0 
15.1 
13.30 2.88 
3.10 
3.20 
1.55 
1.61 
1.78 
5.43 
5.05 
4.96 
17.3 
19.4 
25.9 
20.90 2.42 
2.97 
2 41 
1 54 
1,92 
1.57 
5.95 
6.03 
5.91 
Table Al. (Continued) 
Rale Dry matter Average 
Treat. It Soil Fertilizer mg P/kg yield (g) (g) 
24 Gosport Dairy 150 11.7 14.8 0.196 
16.2 0.189 
16.4 0.187 
25 Gosport Dairy 200 10.4 10.7 0.238 
9.04 0.343 
12.8 0.252 
26 Gosport Chicken 50 8.85 10.1 0.126 
12.0 0.153 
9.49 0.154 
27 Gosport Chicken 100 10.6 13.1 0.169 
15.2 0.165 
13.4 0.207 
28 Gosport Chicken 150 12.9 14.3 0.210 
14.5 0.222 
15.4 0.216 
29 Gosport Chicken 200 11.5 15.0 0.208 
16.6 0.179 
17.0 0.218 
30 Gosport Swine 50 9.12 9.89 0.144 
11.3 0.122 
9.25 0.165 
31 Gosport Swine 100 8.99 12.9 0.151 
14.22 0.156 
15.4 0.139 
Yield of P Average 
(mg) (mg) % N % K pH-H^O 
22.9 
30.6 
30.7 
28.07 1.70 
1.58 
1.54 
1.50 
1.31 
1.47 
6.58 
6.28 
6.24 
24.8 
31.0 
32.3 
29.34 1.13 
1.39 
1.20 
1.73 
2.68 
1.91 
6.63 
6.70 
6.64 
11.2 
18.4 
14.6 
14.71 3.19 
3.10 
3.02 
1.76 
1.95 
2.31 
5.20 
5.45 
5.01 
17.9 
25.1 
27.7 
23.58 2.94 
2.66 
3.60 
1.88 
1.90 
2.25 
6.02 
6.00 
6.21 
to hS 
oi 
27.1 
32.2 
33.3 
30.85 2.96 
2.94 
2.72 
2.15 
2.31 
2.15 
6.62 
6.43 
6.62 
23.9 
29.7 
37.1 
30.23 3.04 
2.48 
2.25 
1.79 
1.69 
1.93 
7.11 
6.89 
7.33 
13.1 
13.8 
15.3 
14.06 2.97 
3.11 
3.76 
1.58 
1.72 
1.98 
5.12 
4.65 
5.03 
13.6 
22.2 
21.4 
19 05 3 44 
3 19 
2.63 
1.72 
1.53 
1 43 
5.43 
5.17 
4.93 
Table Al. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) % P 
32 Gosport Swine 150 12.9 16.1 0.163 
18.5 0.168 
16.8 0.191 
33 Gosport Swine 200 14.7 16.0 0.145 
18.1 0.202 
15.1 0.244 
34 Gosport Calcium P 50 8.69 9.42 0.152 
11.2 0.135 
8.38 0.158 
35 Gosport Calcium P 100 9.80 13.0 0.129 
13.3 0.155 
15.9 0.144 
36 Gosport Calcium P 150 12.2 14.5 0.143 
15.3 0.176 
16.0 0.164 
37 Gosport Calcium P 200 11.2 16.7 0.168 
21.7 0.142 
17.2 0.165 
38 Grundy - 1.62 1.64 0.072 
1.63 0.079 
1.66 0.061 
39 Grundy Ag.WAS 50 11.0 11.7 0.087 
11.6 0.120 
12.4 0.114 
Yield of P Average 
(mg) (mg) % N % K pH-HzO 
21.0 28.07 
31.1 
32.1 
21.3 31.57 
36.6 
36.8 
13.2 13.86 
15.1 
13.2 
12.6 18.72 
20.6 
22.9 
17.4 23.54 
26.9 
26.2 
18.8 26.00 
30.8 
28.4 
1.17 1.16 
1.29 
1.01 
9.57 12.54 
13.9 
14.1 
2.96 1.21 5.71 
2.45 1.25 5.63 
2.53 1.46 5.43 
3.06 0.90 5.62 
2.57 1.34 5.59 
2.90 1.59 5.62 
3.66 1.61 4.99 
3.14 1.35 4.91 
3.68 1.89 4.56 
3.20 1.27 5.21 
2.96 1.12 4.82 
2.65 1.06 4.80 
2.92 0.96 5.24 
2.88 0.96 5.06 
2.86 1.06 4.55 
2.95 0.98 5.22 
2.66 0.78 4.76 
2.86 1.02 4.93 
4.02 3.03 4.21 
4.96 3.56 4.05 
4.24 2.76 4.25 
2.66 1.46 4.98 
2.73 1.95 4.85 
2.85 1.92 4.78 
Table Al. (Continued) 
Rale Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) % P 
40 Grundy Ag.WAS 100 12.0 12.0 0.155 
13.2 0.159 
10.9 0.171 
41 Grundy Ag.WAS 150 11.4 12.6 0.195 
12.5 0.184 
13.9 0.166 
42 Grundy Ag.WAS 200 10.7 12.5 0.224 
12.9 0.164 
13.8 0.211 
43 Grundy SMB 50 9.09 10.9 0.085 
11.8 0.101 
11.9 0.110 
44 Grundy SMB 100 9.88 14.0 0.121 
17.3 0.123 
14.7 0.133 
45 Grundy SMB 150 15.1 17.2 0.173 
16.9 0.167 
19.5 0.154 
46 Grundy SMB 200 13 2 17.0 0.226 
18.9 0.208 
19.0 0.205 
47 Grundy CSA 50 9.82 12.1 0.080 
13.8 0098 
12.6 0.091 
Yield of P Average 
(mg) (mg) % N % K pH-HzO 
18.6 
21.0 
18.6 
19.41 2.84 
2.94 
3.34 
1.64 
1.78 
1.85 
6.32 
6.40 
6.54 
22.2 
23.0 
23.1 
22.77 2.97 
3.05 
2.69 
1,79 
1.72 
1.64 
7.01 
6.87 
7.13 
24.0 
21.2 
29.1 
24.75 3.04 
2.69 
2.95 
1.89 
1.64 
1.78 
7.18 
6.77 
6.92 
7.73 
11.9 
13.1 
10.91 2.58 
2.82 
3.07 
1.60 
1.98 
2.02 
4.48 
4.33 
4.08 
to 
to 
-4 
12.0 
21.3 
19.6 
17.59 2.46 
2.40 
2.78 
1.23 
1.35 
1.70 
4.81 
4.52 
4.53 
26.1 
28.2 
30.0 
28.13 2.91 
2.61 
2.37 
1.44 
1.49 
1.29 
4.74 
4.80 
4.70 
29.8 
39.3 
39.0 
36.03 3.16 
2.72 
2.72 
1.95 
1.50 
1.59 
4.96 
4.75 
4.55 
7.86 
13.5 
11.5 
10,95 2.59 
2,89 
2.65 
2.44 
2,47 
2,80 
4,38 
4.35 
4,18 
Table Al. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer nig F/kg yield (g) (g) % F 
48 Grundy CSA 100 10.7 12.4 0.127 
10.7 0.134 
15.8 0.129 
49 Grundy CSA 150 11.6 15.4 0.179 
18.9 0.133 
15.8 0.169 
50 Grundy CSA 200 11.2 15.5 0.222 
16.7 0.193 
18.6 0.191 
51 Grundy Base Wt. 50 9.09 10.1 0.097 
11.9 0.118 
9.41 0.105 
52 Grundy Base Wt. 100 14.6 14.0 0.147 
13.2 0.159 
14.2 0.141 
53 Grundy Base Wt. 150 11.4 13.8 0,218 
14.8 0.194 
15.3 0.205 
54 Grundy Base Wt. 200 10.2 15.6 0.199 
19.1 0.239 
17.6 0.252 
55 Grundy SBM 50 5.62 8.09 0.092 
7.55 0.132 
11.1 0.100 
Yield of P Average (mg) (nig) % N % K PH-H2O 
13.6 
14.3 
20.4 
16.10 3.30 
3.39 
3.32 
2.69 
3.79 
2.94 
4.65 
4.42 
4.50 
20.8 
25.1 
26.7 
24.20 3.48 
2.82 
3.32 
3.24 
2.69 
3.55 
4.84 
4.82 
4.83 
24.9 
32.2 
35.5 
30.87 3.30 
2.91 
2.92 
4.04 
3.87 
3.68 
4.92 
5.13 
5.30 
8.82 
14.0 
9.9 
10.91 2.77 
3.03 
3.55 
1.62 
2.09 
2.64 
4.06 
4.27 
4.13 
to 
10 
00 
21.5 
21.0 
20.0 
20.82 3.01 
3.22 
3.09 
1.54 
1.93 
1.80 
4.42 
4.23 
4.14 
24.9 
28.7 
31.4 
28.31 3.36 
2.89 
3.08 
1.75 
1.72 
1.71 
4.44 
4.22 
4.15 
20.3 
45.6 
44.4 
36.77 3.04 
2.91 
2.99 
1.34 
1.47 
1.58 
4.45 
4.47 
4.27 
5.17 
10.0 
11.1 
8.75 2.88 
3.51 
3.08 
1.19 
2.56 
1.94 
4.54 
4.34 
4.25 
Table Al. (Continued) 
Rate Dry matter Average 
Treat, it Soil Fertilizer mg P/kg yield (g) (g) % P 
56 Grundy SBM 100 8.54 12.2 0.110 
13.6 0.138 
14.4 0.135 
57 Grundy SBM 150 10.6 14.2 0.157 
16.9 0.150 
15.2 0.146 
58 Grundy SBM 200 15.3 16.7 0.194 
15.1 0.174 
19.7 0.151 
59 Grundy Dairy 50 8.00 9.17 0.110 
9.74 0.108 
9.78 0.105 
60 Grundy Dairy 100 9.99 11.9 0.155 
12.3 0.173 
13.4 0.143 
61 Grundy Dairy 150 13.0 14.7 0.148 
16.5 0.158 
14.5 0.185 
62 Grundy Dairy 200 7.93 10.1 0.262 
10.2 0.356 
12.3 0.257 
63 Grundy Chicken 50 8.12 9.57 0.110 
10.4 0.110 
10.2 0.099 
Yield of P Average 
(mg) (mg) %N % K pH-HaO 
9.39 
18.8 
19.4 
15.87 2.58 
3.24 
3.28 
1.43 
1.58 
1.58 
4.62 
4.49 
4.20 
16.6 
25.4 
22.2 
21.39 3.00 
2.82 
2.85 
1.37 
1.25 
1.40 
4.52 
4.31 
4.34 
29.7 
26.3 
29.7 
28.57 2.98 
3.27 
2.94 
1.31 
1.36 
1.10 
4.64 
4.48 
4.61 
8.80 
10.5 
10.3 
9.86 3.17 
2.94 
2.93 
2.63 
2.52 
2.54 
4.57 
4.46 
4.40 
to 
to 
CD 
15.5 
21.3 
19.2 
18.64 2.33 
2.51 
2.00 
2.02 
1.90 
1.85 
5.54 
5.36 
5.42 
19.2 
26.1 
26.8 
24.05 1.49 
1.25 
1.46 
1.55 
1.42 
1.96 
5.80 
5.86 
5.86 
20.8 
36.3 
31.6 
29.57 1.17 
1.04 
0.87 
2.40 
3.00 
2.49 
6.26 
6.00 
6.17 
8.93 
11.4 
10.1 
10.16 3.25 
3.16 
2.57 
2.58 
2.55 
2.56 
4.58 
4.S3 
4.45 
Table Al. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) % P 
64 Grundy Chicken 100 10.5 12.6 0.101 
14.1 0.125 
13.3 0.136 
65 Grundy Chicken 150 13.8 14.1 0.167 
14.6 0.155 
13.8 0.157 
66 Grundy Chicken 200 13.5 14.8 0.170 
16.3 0.158 
14.7 0.180 
67 Grundy Swine 50 7.48 8.46 0.106 
11.6 0.097 
6.30 0.125 
68 Grundy Swine 100 10.8 14.0 0.122 
14.9 0.102 
16.2 0.052 
69 Grundy Swine 150 12.4 15.3 0.148 
18.3 0.122 
15.3 0.143 
70 Grundy Swine 200 15.2 18.3 0.181 
20.8 0.159 
18.8 0.165 
71 Grundy Calcium P 50 6.70 8.30 0.092 
8.89 0.108 
9.30 0.097 
Yield of P Average 
(mg) (nig) % N % K pH-HjO 
10.6 
17.6 
18.1 
15.44 2.24 
2.74 
3.13 
2.15 
2.23 
2.59 
4.94 
5.18 
5.07 
23.0 
22.6 
21.7 
22.45 2.65 
2.80 
2.91 
2.39 
2.38 
2.62 
6.01 
5.82 
5.94 
23.0 
25.8 
26.5 
25.05 2.52 
2.10 
2.65 
1.88 
1.89 
2.49 
6.36 
6.29 
6.74 
7.93 
11.3 
7.88 
9.02 2.95 
2.94 
3.47 
2.65 
1.99 
3.36 
4.33 
4.24 
4.08 
to 
CO 
o 
13.2 
15.2 
8.42 
12.27 3.05 
2.74 
2.68 
1.76 
1.65 
1.62 
4.72 
4.56 
4.37 
18.4 
22.3 
21.9 
20.85 2.76 
2.19 
2.95 
1.66 
1.37 
1.67 
5.02 
4.80 
4.73 
27.5 
33.1 
31.0 
30.53 2.60 
2.02 
2.20 
1.45 
1.27 
1.44 
5.20 
5.00 
5.05 
6.16 
9.60 
9.02 
8.26 3.41 
3.15 
3.28 
2.31 
2.33 
2.31 
4.13 
4,12 
4.19 
Table Al. (Continued) 
Rate Dry matter Average 
Treat, if Soil Fertilizer iiig IVkg yield (g) (g) % P 
72 Grundy Calcium P 100 10.6 13.4 0.136 
15.2 0.115 
14.5 0.131 
73 Grundy Calcium P 150 10.0 14.6 0.170 
16.7 0.140 
17.1 0.175 
74 Grundy Calcium P 200 11.2 15.7 0.229 
16.7 0.210 
19.2 0.202 
75 Clinton None 1.95 2.02 0.075 
2.20 0.061 
1.92 0.091 
76 Clinton Ag.WAS 50 1.47 1.45 0.076 
1,43 0.079 
1.46 0.074 
77 Clinton Ag.WAS 100 1,62 1.70 0,081 
2,17 0.093 
1.32 0.102 
78 Clinton Ag.WAS 150 3.90 3.91 0.094 
4.63 0,118 
3,21 0 126 
79 Clinton Ag.WAS 200 5.09 6,35 0 099 
4,19 0 099 
9,76 0 118 
Yield of P Average 
(mg) (nig) % N % K pH-HaO 
14.4 
17.5 
19,0 
16.96 3.47 
2.81 
3,01 
1,89 
1,28 
1,56 
4.35 
4.23 
4.34 
17.0 
23.4 
29.9 
23.44 3.12 
2.93 
2.96 
1.75 
1.21 
1,27 
4,51 
4.55 
4.41 
25,6 
35.1 
38.8 
33.17 3.08 
3.02 
2.71 
1.50 
1.18 
1.10 
4.44 
4.50 
4.41 
1.46 
1.34 
1.75 
1.52 5.15 
4.50 
5.29 
3.35 
2.76 
3.72 
4.34 
4,15 
4,18 
to 03 
1.12 
1.13 
1.08 
1.11 5.45 
4.94 
5.34 
3.25 
3.27 
3,23 
4,40 
4.28 
4.22 
1.31 
2.02 
1.35 
1.56 4,76 
4.86 
5,54 
3,35 
4.01 
3,23 
4,42 
4,10 
4.18 
3,67 
5.46 
4,04 
4.39 2.66 
3.58 
3,52 
3,00 
4,32 
4,68 
4.63 
4.51 
4,32 
5,04 
4,15 
11,5 
6,90 2,76 
3,05 
2,54 
2,96 
3,88 
3,82 
4 71 
4,65 
4.64 
Table Al. (Continued) 
Rate Dry matter Average 
Treat, if Soil Fertilizer mg IVkg yield (g) (g) % P 
80 Clinton SMB 50 8.91 11.7 0.121 
13.3 0.110 
12.8 0.102 
81 Clinton SMB 100 10.5 15.4 0.145 
18.6 0.120 
17.1 0.111 
82 Clinton SMB 150 13.1 15.7 0.168 
17.4 0.185 
16.7 0.187 
83 Clinton SMB 200 15.4 19.6 0.249 
24.9 0.169 
18.6 0.218 
84 Clinton CSA 50 10.4 12.5 0.112 
15.7 0.106 
11.4 0.124 
85 Clinton CSA 100 13.3 16.6 0.132 
19.6 0.118 
16.8 0.122 
86 Clinton CSA 150 14.3 16.2 0.182 
17.6 0.167 
16.7 0.155 
87 Clinton CSA 200 17.5 16.8 0.201 
16.9 0.195 
16.0 0.235 
Yield of P Average 
(mg) (mg) % N % K PH-H2O 
10.8 
14.6 
13.1 
12.82 3.64 
3.11 
2.86 
3.01 
2.29 
2.28 
4.31 
4 25 
4.28 
15.2 
22.3 
19.0 
18.84 3.25 
2.60 
2.75 
2.56 
1.75 
1.91 
4.67 
4.49 
4.38 
22.0 
32.2 
31.2 
28.48 3.43 
2.81 
2.55 
2.13 
2.01 
2.08 
4.70 
4.73 
4.44 
38.3 
42.1 
40.5 
40.33 3.08 
2.25 
2.83 
2.30 
1.45 
2.12 
4.75 
4.55 
4.64 
to 
CO 
to 
11.6 
16.6 
14.1 
14.14 3.42 
3.04 
3.67 
3.23 
2.95 
3.47 
4.44 
4.26 
4.27 
17.6 
23.1 
20.5 
20.39 3.10 
2.72 
2.77 
2.86 
2.84 
3.12 
4.57 
4.43 
4.21 
26.0 
29.4 
25.9 
27.10 2.93 
3.22 
2.65 
3.31 
3.55 
3.72 
4.73 
4.60 
4.67 
35.2 
33.0 
37.6 
35.24 2.97 
3 19 
3.31 
4.25 
3,10 
3.98 
4.95 
4.72 
4.62 
Table Al. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) % P 
88 Clinton Base Wt. 50 8.93 12.1 0.113 
13.5 0.109 
13.9 0.100 
89 Clinton Base Wt. 100 11.3 14.3 0.155 
16.1 0.146 
15.5 0.158 
90 Clinton Base Wt. 150 11.6 13.7 0.164 
14.7 0.210 
14.8 0.238 
91 Clinton Base Wt. 200 9.27 14.7 0.262 
18.0 0.221 
16.8 0.221 
92 Clinton SBM 50 7.4 9.67 0.129 
11.1 0.107 
10.5 0.108 
93 Clinton SBM 100 10.8 12.9 0.129 
16.9 0.112 
11.0 0.155 
94 Clinton SBM 150 13.7 13.2 0.190 
9.97 0.140 
15.9 0.174 
95 Clinton SBM 200 12.3 13.6 0.170 
15.4 0205 
13.2 0.191 
Yield of P Average 
(mg) (•»§) % N % K PH-H2O 
10.1 
14.7 
13.9 
12.90 3.50 
3.17 
3.12 
2.42 
2.41 
2.31 
4.52 
4.27 
4.13 
17.5 
23.5 
24.5 
21.84 2.92 
3.15 
3.42 
2.45 
2.04 
2.25 
4.59 
4.29 
4.12 
19.0 
30.9 
35.2 
28.37 3.59 
3.32 
3.61 
2.03 
2.43 
2.49 
4.56 
4.23 
4.22 
24.3 
39.8 
37.1 
33.73 3.99 
3.10 
3.41 
2.70 
1.98 
2.27 
4.29 
4.31 
4.26 
to 
CO 
CO 
9.55 
11.9 
11.3 
10.92 3.11 
2.99 
3.63 
2.89 
2.61 
2.78 
4.18 
4.33 
4.11 
13.9 
18.9 
17.1 
16.64 3.34 
2.71 
3.75 
2.14 
1.76 
2.54 
4.53 
4.22 
4.25 
26.0 
14.0 
27.7 
22.55 3.45 
2.99 
3.46 
2.16 
1.72 
1.98 
4.43 
4.30 
4.34 
20.9 
31.6 
25.2 
25.90 3.15 
3 20 
3.65 
2.01 
1.98 
2.38 
4.67 
4.41 
4.35 
Table Al. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) % P 
96 Clinton Dairy 50 9.28 9.73 0.109 
11.7 0.095 
8.22 0.117 
97 Clinton Dairy 100 15.3 15.5 0.117 
16.9 0.119 
14.2 0.130 
98 Clinton Dairy 150 12.0 13.9 0.143 
13.0 0.209 
16.7 0.170 
99 Clinton Dairy 200 13.1 11.7 0.249 
11.8 0.286 
10.1 0.316 
100 Clinton Chicken 50 10.4 11.0 0.107 
11.1 0.107 
11.5 0.154 
101 Clinton Chicken 100 12.2 13.0 0.095 
13.7 0.119 
13.0 0.102 
102 Clinton Chicken 150 10.4 14.4 0.137 
14.3 0.150 
18.5 0.115 
103 Clinton Chicken 200 15.1 16.3 0.177 
16.6 0.155 
17.3 0.154 
Yield of P Average 
(mg) (mg) % N % K PH-H2O 
10.1 
11.1 
9.62 
10.28 3.47 
3.03 
3.96 
2.97 
2.38 
3.47 
4.46 
4.34 
4.38 
17.9 
20.1 
18.5 
18.82 2.16 
2.00 
2.60 
2.12 
1.62 
2.24 
5.40 
4.97 
4.91 
17.2 
27.2 
28.4 
24.24 1.41 
1.83 
1.58 
1.80 
2.56 
2.04 
5.85 
5.75 
5.35 
32.6 
33.7 
31.9 
11.1 
11.9 
17.7 
32.76 
13.57 
1.08 
1.08 
1.25 
3.23 
3.30 
3.14 
2.20 
2.83 
3.36 
2.85 
2.99 
2.75 
5.81 
5.75 
5.80 
4.46 
4.52 
4.36 
to 
CO 4^ 
11.6 
16.3 
13.3 
13.72 2.92 
2.80 
3.21 
2.54 
2.75 
2.94 
4.88 
4.84 
4.90 
14.2 
21.5 
21.3 
18.99 3.02 
2.79 
2.29 
3.03 
3.19 
2.21 
5.61 
5.45 
5.80 
26.7 
25.7 
26.6 
26.37 2.63 
2.34 
2.40 
2.71 
2.78 
2.75 
6.06 
6.10 
6.44 
Table Al. (Continued) 
Treat. # Soil 
Rate 
Fertilizer mg P/kg 
Dry matter Average 
yield (g) (g) % P 
Yield ofP 
(mg) 
Average 
(mg) N % K pH-HjO 
104 Clinton Swine 50 12.3 
13.0 
9.92 
11.7 0.101 
0.100 
0.099 
12.4 
13.0 
9.82 
11.75 3.15 
3.18 
3.35 
1.98 
2.01 
2.67 
4.40 
4.27 
4.10 
105 Clinton Swine 100 11.8 
15.9 
14.1 
13.9 0.144 
0.113 
0.128 
17.0 
18.0 
18.0 
17.67 3.27 
2.64 
2.75 
2.43 
1.92 
2.31 
4.41 
4.53 
4.64 
106 Clinton Swine 150 11.6 
18.4 
21.2 
17.1 0.159 
0.128 
0.127 
18.4 
23.6 
26.9 
22.97 3.20 
2.51 
2.34 
2.35 
1.63 
1.55 
4.85 
4.65 
4.80 
107 Clinton Swine 200 11.2 
18.4 
16.9 
15.5 0.152 
0.172 
0.187 
17.0 
31.6 
31.6 
26.76 3.23 
2.36 
2.83 
1.59 
1.82 
1.99 
5.10 
5.12 
4.85 
to 
CO 
o» 
108 Clinton Calcium P 50 12.8 
12.3 
11.1 
12.1 0.106 
0.094 
0.112 
13.6 
11.6 
12.4 
12.52 2.99 
2.96 
3.11 
2.04 
2.42 
2.76 
4.52 
4.23 
4.10 
109 Clinton Calcium P 100 13.5 
14.4 
16.2 
14.7 0.115 
0.112 
0.123 
15.5 
16.1 
19.9 
17.19 3.08 
3.01 
2.74 
1.62 
2.09 
1.83 
4.60 
4.34 
4.41 
110 Clinton Calcium P 150 10.4 
17.8 
14.4 
14.2 0.160 
0.142 
0.160 
16.6 
25.3 
23.0 
21.65 3.58 
2.96 
3.41 
2.10 
1.55 
2.04 
6.44 
4.25 
4.21 
111 Clinton Calcium P 200 13.4 
13.9 
18.9 
15.4 0.167 
0.218 
0.154 
22.4 
30.3 
29.1 
27.26 3.14 
3.41 
3.02 
1.56 
2.02 
1.51 
4.67 
4,46 
4.37 
Table A2. Dry matter yields, yields of P, and N, P, and K concentrations of first cutting of ryegrass produced 
on three soils 
Rate Dry matter Average Yield of P Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) % P (mg) (mg) % N % K pH-HjO 
1 Gosport 1.90 
2.29 
2.37 
2.19 0.135 
0.124 
0.106 
2.57 
2.84 
2.51 
2.64 6.14 
6.29 
6.58 
3.29 
3.81 
3.98 
4.33 
4.51 
4.50 
2 Gosport Ag.WAS 50 3.65 
4.78 
4.42 
4.28 0.209 
0.145 
0.183 
7.63 
6.93 
8.09 
7.55 6.23 
5.58 
6.18 
3.14 
3.08 
3.34 
5.49 
5.26 
5.21 
3 Gosport Ag.WAS 100 
4 Gosport Ag.WAS 150 
4.62 
2.06 
3.25 
1.02 
0.69 
0.50 
3.31 
0.74 
0.224 
0.175 
0.220 
0.298 
0.319 
0.245 
10.3 
3.61 
7.15 
3.04 
2.20 
1.23 
7.03 
2.16 
5.94 
5.76 
5.76 
5.47 
5.38 
2.13 
3.49 
3.36 
3.60 
3.19 
3.12 
2.39 
5.48 
6.04 
5.77 
6.45 
6.00 
6.05 
CO 05 
5 Gosport Ag.WAS 200 1.35 
1.04 
0.92 
1.10 0.256 
0.379 
0.209 
3.46 
3.94 
1.92 
3.11 5.37 
5.01 
5.31 
3.22 
2.90 
3.13 
6.68 
6.96 
6.82 
6 Gosport SMB 50 3.62 
5.03 
4.71 
4.45 0.237 
0.243 
0.334 
8.58 
12.2 
15.7 
12.18 5.72 
6.13 
4.29 
3.90 
2.92 
3.39 
4.64 
4.92 
4.90 
7 Gosport SMB 100 6.18 
5.82 
6.64 
6.21 0.212 
0.227 
0.329 
13.1 
13.2 
21.8 
16.05 9.59 
5.28 
6.31 
3.06 
2.89 
2.57 
4.88 
4.81 
4.98 
Table A2. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer nig P/kg yield (g) (g) 
8 Gosport SMB 150 4.51 5.41 
5.28 
6.44 
9 Gosport SMB 200 8.24 7.13 
6.89 
6.26 
10 Gosport CSA 50 5.61 5.64 
5.42 
5.89 
11 Gosport CSA 100 7.27 6.18 
5.35 
5.92 
12 Gosport CSA 150 4.54 5.57 
6.98 
5.20 
13 Gosport CSA 200 5.20 6.20 
7.23 
6.16 
14 Gosport Base Wt. 50 5.81 5.64 
5.90 
5.20 
Yield of P Average 
% P (mg) (mg) % N % K pH-HjO 
0.336 15.2 
0.301 15.9 
0.408 26.3 
0.428 35.3 
0.368 25.4 
0.449 28.1 
0.186 10.4 
0.256 13.9 
0.188 11.1 
0.225 16.4 
0.381 20.4 
0.229 13.6 
0.325 14.8 
0.247 17.2 
0.317 16.5 
0.301 15.7 
0.306 22.1 
0.366 22.5 
0.226 13.1 
0.170 10.0 
0.209 10.9 
19.11 5.33 
5.09 
6.69 
29.58 5.60 
5.32 
6.39 
11.79 6.06 
6.10 
6.49 
16.77 5.56 
5.92 
6.06 
16.16 5.06 
5.28 
6.12 
20.11 5.56 
4.89 
5.83 
11.34 6.35 
6.02 
6.66 
3.41 4.77 
3.12 4.84 
3.03 4.79 
2.85 4.66 
2.97 5.00 
3.77 4.64 
4.36 5.30 
4.80 5.40 
4.18 5.31 
to 
u> 
4.13 5.40 -J 
5.69 5.58 
4.68 5.44 
4.74 5.80 
4.42 5.82 
4.80 5.79 
4.72 6.40 
4.74 6.19 
4.97 6.23 
2.96 4.80 
2.55 4.90 
2.79 5.20 
Table A2. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
15 Goaport Base Wt. 100 6.38 6.07 
5.64 
6.19 
16 Gosport Base Wt. 150 4.55 5.57 
5.47 
6.68 
17 Gosport Base Wt. 200 7.04 6.84 
7.12 
6.37 
18 Gosport SBM 50 4.47 4.37 
4.28 
4.37 
19 Gosport SBM 100 4.33 4.64 
4.99 
4.61 
20 Gosport SBM 150 4.16 5.09 
5.74 
5.36 
21 Gosport SBM 200 4.72 5.45 
6.13 
5.49 
Yield of P Average 
% P (rag) (mg) % N % K pH-HaO 
0.246 15,7 
0.347 19.6 
0.317 19.6 
0.368 16.7 
0.428 23.4 
0.385 25.7 
0.457 32.2 
0.439 31.3 
0.476 30.3 
0.161 7.20 
0.228 9.76 
0.199 8.70 
0.223 9.66 
0.192 9.58 
0.246 11.3 
0.328 13.6 
0.200 11.5 
0,185 9.92 
0.243 11.5 
0.189 11.6 
0.237 13.0 
18.30 5.46 
6.18 
6.56 
21.96 6.10 
5.64 
7.40 
31.25 6.50 
6.63 
6.68 
8.55 6.39 
6.14 
7.20 
10.19 6.33 
5.84 
6.42 
11.68 5.91 
5.54 
6.45 
12.02 6.21 
5.74 
7.11 
2.63 4.91 
3.00 4.85 
2.88 4.93 
3.28 4.71 
3.04 4.67 
2.68 4.68 
2.99 4.54 
2.85 4.57 
3.02 4.59 
to 
CO 
3.37 4.66 0° 
3.77 4.80 
3.31 4.70 
3.05 4.87 
3.20 5.10 
2.96 4.92 
2.96 4.91 
2.63 5.80 
2.77 5.08 
2.96 4.85 
2.11 5.15 
2.42 5.18 
Table A2. (Continued) 
Treat. # Soil 
Rate Dry matter Average 
Fertilizer mg P/kg yield (g) (g) 
22 Gosport Dairy 50 6.15 
5.26 
5.07 
5.49 
23 Gosport Dairy 100 5.26 
5.97 
5.17 
5.47 
24 Gosport Dairy 150 3.58 
5.23 
5.13 
4.65 
25 Gosport Dairy 200 3.12 
3.53 
3.73 
3.46 
26 Gosport Chicken 50 5.22 
5.91 
5.23 
5.45 
27 Gosport Chicken 100 5.84 
5.87 
6.14 
5.95 
28 Gosport Chicken 150 6.96 
6.02 
5.53 
6.17 
Yield of P Average 
% P (nig) (mg) % N % K PH-H2O 
0.179 11.0 
0.228 12.0 
0.165 8.37 
0.329 17.3 
0.282 16.8 
0.244 12.6 
0.305 10.9 
0.296 15.5 
0.346 17.7 
0.491 15.3 
0.463 16.3 
0.602 22.5 
0.152 7.93 
0.213 12.6 
0.187 9.8 
0.210 12.3 
0.295 17.3 
0.194 11.9 
0.218 15.2 
0.222 13.4 
0.248 13.7 
10.46 6.37 
5.71 
6.29 
15.59 5.70 
5.60 
6.24 
14.72 4.88 
4.12 
4.50 
18.04 4.14 
3.40 
4.22 
10.10 5.78 
5.39 
6.48 
13.83 5.59 
5.68 
6.00 
14.08 5.20 
5.51 
5.82 
3.11 5.09 
3.41 5.30 
3.19 5.55 
4.25 5.82 
3.92 6.06 
3.57 5.74 
3.68 6.06 
3.75 6.43 
4.15 6.56 
to 
CO 
4.51 6.56 ^ 
4.36 6.28 
4.67 6.78 
3.58 5.59 
3.40 5.94 
3.44 5.39 
4.45 6.20 
4.19 6.62 
3.91 6.10 
4.40 7.00 
4.40 6.64 
4.70 6.80 
Table A2. (Continued) 
Treat, it Soil 
Rate Dry matter Average 
Fertilizer mg P/kg yield (g) (g) 
29 Gosport Chicken 200 4.fil 
5.89 
5.31 
5.27 
30 Gosport Swine 50 4.56 
5.64 
4.45 
4.88 
31 Gosport Swine 100 6.47 
6.67 
5.57 
6.24 
32 Gosport Swine 150 6.77 
6.80 
5.71 
6.43 
33 Gosport Swine 200 5.98 
4.58 
4.34 
4.97 
34 Gosport Calcium P 50 5.25 
4.83 
5.02 
5.03 
35 Gosport Calcium P 100 4.78 
5.87 
5.54 
5.40 
Yield of P Average 
% P (mg) (mg) % N % K PH-H2O 
0.270 12.4 
0.195 11.5 
0.303 16.1 
0.173 7.89 
0.180 10.2 
0.295 13.1 
0.213 13.8 
0.204 13.6 
0.268 14.9 
0.285 19.3 
0.250 17.0 
0.291 16.6 
0.332 19.9 
0.423 19.4 
0.396 17.2 
0.167 8.77 
0.251 12.1 
0.144 7.23 
0.247 11.8 
0.194 11.4 
0.274 15.2 
13.34 5.70 
5.35 
5.77 
10.39 5.99 
5.85 
6.74 
14.11 5.49 
5.05 
6.46 
17.64 5.78 
5.36 
5.75 
18.80 5.64 
6.20 
6.68 
9.37 6.34 
6.73 
6.29 
12.79 6.17 
5.64 
6.85 
4.21 7.02 
3.12 7.28 
5,05 6.96 
3.05 4.91 
3.17 5.20 
3.53 5.19 
2.90 5.26 
2.59 5.55 
2.76 5.36 
K) 
3.13 5.45 <=5 
2.78 5.70 
2.79 5.30 
3.11 5.81 
3.98 5.49 
4.34 5.54 
3.29 4.69 
3.21 4.G3 
3.46 4.68 
2.99 4.62 
2.57 4.84 
2.64 4.72 
Table A2. (Continued) 
Treat. # Soil 
Rate Dry matter Average 
Fertilizer mg P/kg yield (g) (g) 
36 Gosport Calcium P 150 6.30 
5.65 
6.24 
6.06 
37 Gosport Calcium P 200 6.66 
7.31 
6.27 
6.75 
38 Grundy 2.04 
1.92 
1.70 
1.89 
39 Grundy Ag.WAS 50 4.74 
7.27 
5.48 
5.83 
40 Grundy Ag.WAS 100 5.56 
6.18 
3.28 
5.01 
41 Grundy Ag.WAS 150 6.28 
6.29 
4.72 
5.76 
42 Grundy Ag.WAS 200 6.03 
1.45 
0.67 
2.72 
Yield of P Average 
% P (mg) (mg) % N % K PH-H2O 
0.363 22.9 
0.342 19.3 
0.339 21.2 
0.379 25.2 
0.355 26.0 
0.309 19.4 
0.110 2.24 
0.089 1.71 
0.131 2.23 
0.269 12.8 
0.275 20.0 
0.365 20.0 
0.415 23.1 
0.366 22.6 
0.648 21.3 
0.298 18.7 
0.292 18.4 
0.424 20.0 
0.502 30,3 
0.334 4.84 
0.378 2.53 
21.12 6.61 
6.04 
6.38 
23.52 6.07 
5.11 
6.14 
2.06 6.88 
6.70 
7.33 
17.58 6.01 
6.18 
6.37 
22.32 5.46 
4.93 
6.08 
19.03 5.42 
5.07 
6.61 
12.55 5.62 
4.80 
5.50 
2.78 4.74 
2.72 4.69 
2.72 5.08 
2.44 4.84 
1.91 4.97 
2.13 5.08 
4.55 4.28 
3.16 4.28 
3.56 4.24 
to 
3.17 5.45 ^ 
3.20 5.46 
3.76 5.56 
3.08 6.32 
2.82 6.55 
4.78 6.63 
3.45 6.18 
2.85 6.44 
3.67 7.07 
3.52 7.14 
3.26 7.32 
3.38 7.53 
Table A2. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
43 Grundy SMB 50 6.26 5,97 
5.92 
5.73 
44 Grundy SMB 100 4.89 5.85 
6.43 
6.24 
45 Grundy SMB 150 7.79 6.68 
6.50 
5.75 
46 Grundy SMB 200 7.83 7.18 
7.21 
6.49 
47 Grundy CSA 50 5.48 5.44 
5.21 
5.64 
48 Grundy CSA 100 4.73 5.56 
6.65 
5.31 
49 Grundy CSA 150 5.83 6.34 
7.28 
5.91 
Yield of P Average 
% P (nig) (nig) % N % K PH-H2O 
0.211 13.2 
0.252 14.9 
0.242 13.9 
0.351 17.2 
0.377 24.2 
0.308 19.2 
0.463 36.1 
0.455 29.6 
0.542 31.2 
0.488 38.2 
0.444 32.0 
0.621 40.3 
0.169 9.26 
0.174 9,07 
0.219 12.4 
0.295 14.0 
0.286 19.0 
0.371 19.7 
0.463 27.0 
0.258 18.8 
0.372 22.0 
14.00 5.68 
5.59 
6.05 
20.21 6.35 
5.88 
6,25 
32.27 5.60 
5.73 
6.17 
36.84 5.73 
5.19 
6.54 
10.23 5.54 
6.21 
6.84 
17.56 5.50 
5.42 
6.42 
22.59 6.00 
5.25 
5.83 
3.58 4.70 
3.63 4.64 
3.88 4.85 
4.06 4.54 
3.48 4.71 
3.17 4.83 
3.58 4.54 
3.81 4.71 
3.75 4.63 
to 
3.27 4.55 
3.31 4.71 
3.67 4.67 
5.07 4.67 
4.37 5.02 
4.04 4.70 
4.56 4.97 
5.06 4.96 
5.17 4.93 
5.90 5.13 
2.95 4.86 
4.80 5.04 
Table A2. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
50 Grundy CSA 200 1.03 5.88 
6.91 
6.69 
51 Grundy Base Wt. 50 6.05 5.92 
6.38 
5.34 
52 Grundy Base Wt. 100 7.20 6.51 
6.58 
5.75 
53 Grundy Base Wt. 150 7.48 7.31 
8.18 
6.26 
54 Grundy Base Wt. 200 5.02 6.57 
7.04 
7.66 
55 Grundy SBM 50 4 21 4.43 
5.25 
3.83 
56 Grundy SBM 100 5.67 5.44 
5.52 
5.13 
Yield of P Average 
% P (mg) (mg) % N % K PH-H2O 
0.434 17.5 
0.428 29.6 
0.475 31.8 
0.235 14.2 
0.235 15.0 
0.224 12.0 
0.278 20.0 
0.313 20.6 
0.351 20.2 
0.417 31.2 
0.405 33.1 
0.467 29.2 
0.491 24.6 
0.535 37.7 
0.512 39.2 
0.198 8.34 
0.252 13.2 
0.300 11.5 
0.361 20.5 
0.351 19.4 
0.321 16.5 
26.28 5.51 
5.44 
5.82 
13.72 6.17 
6.26 
6.47 
20.26 6.09 
5.50 
6.91 
31.18 5.11 
5.92 
7.14 
33.84 5.86 
5.44 
6.43 
11.02 5.58 
5.78 
6.83 
18.77 6.13 
5.72 
6.39 
4.95 5.18 
3.98 5.16 
5.93 5.31 
3.60 4.21 
3.06 4.68 
3.25 4.66 
2.63 4.44 
3.17 4.44 
3.78 4.56 
isS 
3.05 4.22 " 
3.04 4.22 
3.36 4.38 
3.30 4.13 
3.49 4.18 
3.37 4.23 
3.64 4.07 
3.86 4.43 
4.45 4.11 
3.51 4 61 
3.23 4.58 
2.92 4.70 
Table A2. (Continued) 
Treat. # Soil 
Rate Dry matter Average 
Fertilizer mg P/kg yield (g) (g) 
57 Grundy SBM 150 5.98 
5.91 
6.03 
5.98 
58 Grundy SBM 200 7.22 
5.21 
5.67 
6.03 
59 Grundy Dairy 50 6.03 
5.69 
4.70 
5.47 
60 Grundy Dairy 100 4.02 
5.12 
4.30 
4.48 
61 Grundy Dairy 150 4.52 
5.09 
4.51 
4.71 
62 Grundy Dairy 200 3.10 
2.76 
2.99 
2.95 
63 Grundy Chicken 50 6.05 
5.51 
5,10 
5.55 
Yield of P Average 
% P (mg) (nig) % N % K PH-H2O 
0.448 26.8 
0.342 20.3 
0.402 24.2 
0.419 30.3 
0.499 26.0 
0.465 26.4 
0.174 10.5 
0.164 9.33 
0.195 9.17 
0.287 11.5 
0.216 11.1 
0.292 12.6 
0.479 21.7 
0.422 21.5 
0.402 18.1 
0.618 19.2 
0.569 15.7 
0.587 17.6 
0.180 10.9 
0.195 10.7 
0.230 11.7 
23.78 6.18 
5.51 
6.07 
27.54 5.03 
5.82 
5.98 
9.66 5.73 
5.56 
6.50 
11.72 5.33 
4.93 
5.56 
20.42 4.56 
3.80 
4.96 
17.47 3.49 
3.24 
3.13 
11.12 5.92 
6.15 
6.18 
3.31 4.68 
3.01 4.75 
3.36 4.76 
2.86 4.58 
3.43 4.71 
2.82 4.71 
3.57 4.89 
3.13 5.12 
3.89 4.86 
to 
4.27 5.30 
4.57 5.42 
4.39 5.45 
5.21 5.70 
4.79 5.52 
4.62 5.83 
5.50 6.10 
4.81 6.11 
5.90 6.08 
4.04 4.81 
3.92 5.06 
4.01 5.04 
Table A2. (Continued) 
Treat. # Soil 
Rate Dry matter Average 
Fertilizer mg P/kg yield (g) (g) 
64 Grundy Chicken 100 5.63 
5.33 
6.00 
5.65 
65 Grundy Chicken 150 3.59 
5.78 
4.76 
4.71 
66 Grundy Chicken 200 6.02 
6.07 
6.06 
6.05 
67 Grundy Swine 50 5.69 
4.89 
4.37 
4.98 
68 Grundy Swine 100 5.83 
5.89 
5.38 
5.70 
69 Grundy Swine 150 5.60 
6.52 
5.48 
5.87 
70 Grundy Swine 200 6.47 
5.78 
6.25 
6.17 
Yield of P Average 
%P (mg) (mg) %N %K pH-HzO 
0.274 15.4 
0.236 12.6 
0.176 10.6 
0.290 10.4 
0.290 16.8 
0.298 14.2 
0.386 23.2 
0.304 18.5 
0.259 15.7 
0.176 10.0 
0.249 12.2 
0.166 7.25 
0.300 17.5 
0.262 15.4 
0.311 16.7 
0.430 24.1 
0.375 24.5 
0.400 21.9 
0.475 30.7 
0.396 22.9 
0.413 25.8 
12.86 5.55 
5.81 
5.45 
13.79 5.59 
5.32 
6.31 
19.13 5.42 
5.64 
5.18 
9.81 5.67 
6.12 
3.87 
16.55 5.67 
5.78 
6.16 
23.48 5.51 
5.49 
6.19 
26.48 5,34 
4.88 
5,35 
4.30 5.31 
4.45 5.36 
3.20 5.54 
4.59 5.90 
4.71 6.14 
3.86 6.25 
5.32 6.60 
4.95 6.52 
4.32 6.35 
to 
3.59 4.25 
3.86 4.67 
3.64 4.63 
3.73 4,68 
3.48 4.84 
3.71 5.80 
4.43 4.68 
3.05 4,82 
3.72 4.64 
3.77 4.89 
3,54 4,92 
3.65 4,88 
Table A2. (Continued) 
Treat. # Soil 
Rate Dry matter Average 
Fertilizer mg P/kg yield (g) (g) 
71 Grundy Calcium P 50 3.59 
5.12 
5.98 
4.90 
72 Grundy Calcium P 100 4.17 
5.48 
5.54 
5.0G 
73 Grundy Calcium P 150 6.02 
6.79 
6.55 
6.45 
74 Grundy Calcium P 200 4.01 
6.05 
5.79 
5.28 
75 Clinton None 2.06 
2.70 
2.40 
2.39 
76 Clinton Ag.WAS 50 2.27 
3.73 
4.08 
3.36 
77 Clinton Ag.WAS 100 3.54 
3.09 
3.44 
3.36 
Yield of P Average 
% P (mg) (mg) % N % K pH-HzO 
0.213 7.65 
0.285 14.6 
0.211 12.6 
0.213 8.88 
0.332 18.2 
0.318 17.6 
0.436 26.2 
0.351 23.8 
0.355 23.3 
0.480 19.2 
0.569 34.4 
0.476 27.6 
0.076 1.57 
0.091 2.46 
0.114 2.74 
0.163 3.70 
0.135 5.04 
0.178 7.26 
0.191 6.76 
0.178 5.50 
0.130 4.47 
11.62 6.46 
5.68 
6.56 
14.90 5.59 
6.81 
6.60 
24.44 5.83 
4.84 
6.19 
27.08 5.82 
6.16 
6.64 
2.25 6.76 
6.01 
7.19 
5.33 6.49 
5.18 
5.72 
5.58 6.08 
6.28 
5.98 
3.83 4.02 
3.56 4.70 
3.06 4.43 
3.52 4.09 
3.74 4.57 
3.04 4.53 
4.91 4.54 
2.99 4.62 
3.32 4.68 
lo 
3.45 4.45 
3.46 4.46 
3.12 4.58 
4.41 4.08 
3.77 4.01 
4.06 4.11 
4.94 4.07 
4.10 4.02 
4.85 4.03 
4.04 4.08 
3.90 4.13 
3 92 4.17 
Table A2. (Continued) 
Treat. # Soil 
Rate Dry matter Average 
Fertilizer mg P/kg yield (g) (g) 
78 Clinton Ag.WAS 150 1.41 
3.9G 
5.38 
3.58 
79 Clinton Ag.WAS 200 3.91 
6.42 
6.56 
5.63 
80 Clinton SMB 50 5.82 
6.30 
5.19 
5.77 
81 Clinton SMB 100 6.61 
6.70 
4.56 
5.96 
82 Clinton SMB 150 4.92 
6.63 
6.25 
5.93 
83 Clinton SMB 200 6 65 
7.46 
5.23 
6.45 
84 Clinton CSA 50 5.56 
5.51 
4.92 
5.33 
Yield ofP 
% P (mg) 
Average 
(mg) % K PH-H2O 
0.169 2.38 
0.237 9.39 
0.214 11.5 
0.270 10.6 
0.336 21.6 
0.331 21.7 
0.296 17.2 
0.177 11.2 
0.280 14.5 
0.387 25.6 
0.311 20.8 
0.408 18.6 
0.418 20.6 
0.355 23.5 
0.447 27.9 
0.453 30.1 
0.435 32.5 
0.516 27.0 
0.269 15.0 
0.219 12.1 
0.200 9.84 
7.76 6.23 
5.94 
5.75 
17.95 5.47 
5.35 
5.52 
14.30 6.03 
5.42 
6.52 
21.67 6.01 
5.90 
6.57 
24.01 6.18 
5.88 
6.31 
29.85 6.14 
5.67 
7.35 
12.29 6.13 
5.53 
6.92 
3.56 4.21 
4.25 4.20 
4.44 4.38 
4.34 5.54 
4.42 6.03 
4.79 5.32 
4.50 4.08 
2.95 4.08 
4.92 4.07 
to 
4.22 4.38 
4.11 4.54 
4.40 4.58 
4.47 4.37 
2.96 4.44 
4.08 4.54 
4.45 4.50 
4.41 4.39 
4.10 4.35 
5.75 4.26 
5.13 4.60 
3.66 4.45 
Table A2. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
85 Clinton CSA 100 6.77 6.52 
6.63 
6.15 
86 Clinton CSA 150 4.66 6.16 
7.10 
6.72 
87 Clinton CSA 200 6.52 6.48 
6.30 
6.62 
88 Clinton Base Wt. 50 6.20 5.87 
5.99 
5.43 
89 Clinton Base Wt. 100 3.76 5.10 
6.69 
4.84 
90 Clinton Base Wt. 150 6.99 6.20 
6.32 
5.28 
91 Clinton Base Wt. 200 5.-19 6.88 
8.13 
7.02 
Yield of P Average 
% P (mg) (nig) % N % K PH-H2O 
0.325 22.0 
0.271 18.0 
0.271 16.7 
0.340 15.8 
0.333 23.6 
0.341 22.9 
0.443 28.9 
0.466 29.4 
0.477 31.6 
0.190 11.8 
0.203 12.2 
0.224 12.2 
0.229 8.61 
0.257 17.2 
0.381 18.4 
0.342 23.9 
0.397 25.1 
0.476 25.1 
0.369 20.3 
0.382 31.1 
0.426 29.9 
18.88 6.04 
5.79 
6.03 
20.80 5.86 
5.94 
5.86 
29.94 5.71 
6.02 
6.40 
12.03 5.49 
6.03 
6.47 
14.75 5.77 
6.27 
7.61 
24.71 5.60 
6.23 
6.15 
27.07 6.29 
5.76 
6.54 
5.76 4.62 
4.21 4.78 
5.96 4.68 
4.91 4.71 
5.32 5.00 
5.39 5.07 
5.36 4.95 
5.13 5.05 
5.18 
to 
3.59 4.07 00 
4.21 4.02 
4.44 4.56 
4.55 4.07 
3.38 4.39 
5.28 4.40 
4.20 4.25 
4.13 4.26 
4.99 4.33 
4.13 4.15 
3.47 4.20 
3.87 4.23 
Table A2. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
92 Clinton SBM 50 5.09 4.91 
4.95 
4.69 
93 Clinton SBM 100 3.82 4.9D 
5.85 
5.30 
94 Clinton SBM 150 3.81 5.13 
6.06 
5.52 
95 Clinton SBM 200 6.44 5.84 
6.11 
4.98 
96 Clinton Dairy 50 3.44 4.87 
5.83 
5.35 
97 Clinton Dairy 100 5.83 5.49 
5.41 
5.23 
98 Clinton Dairy 150 5.87 5.55 
5.50 
5.28 
Yield of P Average 
% P (mg) (mg) % N % K pH-HzO 
0.219 11.1 
0.152 7.52 
0.182 8.54 
0.252 9.6 
0.236 13.8 
0.203 10.8 
0.220 8.38 
0.232 14.1 
0.231 12.8 
0.359 23.1 
0.324 19.8 
0.359 17.9 
0.184 6.33 
0.170 9.91 
0.184 9.84 
0.262 15.3 
0.341 18.4 
0.294 15.4 
0.385 22.6 
0.335 18.4 
0.434 22.9 
9.07 6.28 
6.81 
6.94 
11.40 6.37 
6.32 
6.85 
11.73 6.34 
6.94 
6.76 
20.26 6.28 
6.09 
7.05 
8.69 5.83 
5.53 
6.39 
16.37 5.23 
5.77 
5.92 
21.31 3.70 
4.31 
4.65 
4.72 4.01 
4.27 4.09 
4.74 4.08 
4.60 4.06 
4.36 4.33 
3.95 4.18 
4.85 4.15 
4.27 4.50 
3.89 4.54 
to 
4.12 4.55 ^ 
3.49 4.56 
4.24 4.61 
4.80 4.80 
4.55 4.73 
4.36 4.68 
4.13 5.21 
5.53 5.13 
4.93 5.27 
4.40 5.36 
3.91 5.35 
4.88 5.53 
Table A2. (Continued) 
Treat. # Soil 
Rate Dry matter Average 
Fertilizer mg P/kg yield (g) (g) 
99 Clinton Dairy 200 4.13 
4.99 
5.60 
4.91 
100 Clinton Chicken 50 6.22 
6.33 
5.43 
5.99 
101 Clinton Chicken 100 6.71 
7.34 
6.63 
6.89 
102 Clinton Chicken 150 5.75 
6.56 
5.47 
5.93 
103 Clinton Chicken 200 6.55 
5.97 
5.91 
6.14 
104 Clinton Swine 50 4.41 
5.91 
5.43 
5.25 
105 Clinton Swine 100 6.49 
6.05 
6.43 
6.32 
Yield of P Average 
% P (nig) (mg) % N % K PH-H2O 
0.449 18.5 
0.557 27.8 
0.483 27.0 
0.163 10.1 
0.187 11.8 
0.227 12.3 
0.231 15.5 
0.203 14.9 
0.235 15.6 
0.227 13.1 
0.276 18.1 
0.302 16.5 
0.263 17.2 
0.257 15.3 
0.324 19.1 
0.176 7.8 
0.186 11.0 
0.228 12.4 
0.253 16.4 
0.308 18.6 
0.207 13.3 
24.46 5.06 
5.30 
6.60 
11.43 5.54 
5.75 
7.75 
15.33 5.61 
5.78 
5.72 
15.89 5.41 
5.22 
6.24 
17.24 4.51 
4.49 
5.93 
10.38 5.75 
6.42 
7.20 
16.12 5.77 
5.81 
5 69 
4.84 5.63 
4.48 5.82 
4.91 5.76 
4.43 4.97 
4.72 4.87 
4.44 4.73 
4.80 5.42 
4.61 5.47 
4.54 5.63 
to 
cn 
5.24 5.67 ® 
3.70 7.39 
5.67 4.72 
5.02 6.12 
4.87 6.37 
5.37 6.23 
4.48 3.96 
3.60 4.31 
4.36 4.38 
4.42 4.43 
4.90 4.60 
4.26 4.68 
Table A2. (Continued) 
Treat. # Soil 
Rate Dry matter Average 
Fertilizer mg P/kg yield (g) (g) 
Yield of P 
% P (mg) 
Average 
(mg) % N PH-H2O 
106 Clinton Swine 150 6.60 
7.13 
6.68 
6.80 0.388 
0.287 
0.291 
25.6 
20.5 
19.4 
21.84 5.28 
5.31 
6.10 
4.63 
2.76 
3.92 
4.53 
4.72 
4.82 
107 Clinton Swine 200 5.71 
6.56 
6.02 
6.10 0.379 
0.337 
0.465 
21.6 
22.1 
28.0 
23.91 5.39 
6.14 
6.16 
4.90 
3.80 
4.57 
4.65 
4.83 
4.83 
108 Clinton Calcium P 50 
109 Clinton Calcium P 100 
5.07 
5.63 
4.68 
4.74 
6.13 
4.77 
5.13 
5.21 
0.244 
0.223 
0.194 
0.332 
0.248 
0.318 
12.4 
12.6 
9.08 
15.7 
15.2 
15.2 
11.33 
15.37 
6.79 
6.12 
7.47 
6.56 
5.72 
7.39 
5.01 
3.81 
5.16 
4.92 
4.00 
4.78 
3.94 
4.12 
4.01 
3.94 
4.43 
4.11 
to Oi 
110 Clinton Calcium P 150 4.55 
6.42 
5.46 
5.48 0.266 
0.297 
0.267 
12.1 
19.1 
14.6 
15.25 6.57 
6.02 
6.30 
4.16 
3.42 
4.02 
4.22 
4.44 
4.53 
111 Clinton Calcium P 200 6.37 
6.85 
5.90 
6.37 0.307 
0.360 
0.373 
19.6 
24.7 
22.0 
22.07 6.06 
5.85 
7.33 
3.69 
3.79 
4.02 
4.25 
4.31 
4.47 
Table A3. Dry matter yields, yields of P, and N, P, and K concentrations of second cutting of 
ryegrass produced on three soils 
Treat. # Soil 
Rate Dry matter Average 
Fertilizer mg P/kg yield (g) (g) %P 
Yield ofP 
(mg) 
Average 
(mg) %N %K 
1 Gosport 1.42 
1.35 
2.30 
1.69 0.113 
0.101 
0.089 
1.60 
1.36 
2.05 
1.67 6.33 
6.44 
6.20 
3.27 
2.99 
3.03 
2 Gosport Ag.WAS 50 3.25 
3.57 
2.90 
3.24 0.102 
0.120 
0.115 
3.32 
4.28 
3.34 
3.64 5.36 
5.40 
6.04 
2.70 
2.61 
2.24 
3 GoBport Ag.WAS 100 
4 Gosport Ag.WAS 150 
3.88 
4.12 
3.20 
4.81 
4.94 
3.73 
3.73 
4.49 
0.122 
0.113 
0.103 
0.173 
0.156 
0.243 
4.73 
4.66 
3.30 
8.32 
7.71 
9.06 
4.23 
8.36 
5.22 
5.10 
5.32 
5.22 
5.02 
5.33 
2.27 
2.28 
2.33 
3.13 
2.73 
3.36 
to 
cn 
to 
5 jGosport Ag.WAS 200 4.86 
5.75 
3.37 
4.66 0.185 
0.192 
0.233 
8.99 
11.04 
7.85 
9.29 5.30 
4.94 
5.18 
3.09 
3.04 
3.21 
6 Gosport SMB 50 3.57 
3.29 
2.96 
3.27 0.161 
0.147 
0.164 
5.75 
4.84 
4.85 
5.15 6.06 
5.97 
6.35 
2.69 
2.05 
2.93 
7 Gosport SMB 100 4.52 
5.13 
4.49 
4.71 0.186 
0.203 
0.194 
8.41 
10.41 
8.71 
9.18 5.45 
4.99 
5.60 
2.60 
2.39 
2.69 
Table A3. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
8 Gosport SMB 150 4.70 4.89 
4.63 
5.33 
9 Gosport SMB 200 5.66 5.18 
5.32 
4.57 
10 Gosport CSA 50 3.48 3.90 
3.96 
4.27 
11 Gosport CSA 100 5.70 5 33 
4.92 
5.36 
12 Gosport CSA 150 4.84 5.25 
5.41 
5.50 
13 Gosport CSA 200 4.31 5.50 
6.10 
6.10 
14 Gosport BaseWl. 50 3.99 4.00 
4.30 
3.72 
Yield of P Average 
% P (mg) (mg) % N % K 
0.251 
0.199 
0.227 
11.80 
9.21 
12.10 
11.04 5.62 
5.21 
5.67 
2.50 
2.74 
2.40 
0.321 
0.241 
0.272 
18.17 
12.82 
12.43 
14.47 5.40 
5.52 
5.65 
2.20 
1.92 
2.11 
0.098 
0.116 
0.139 
3.41 
4.59 
5.94 
4.65 5.55 
5.55 
5.28 
2.43 
2.74 
2.62 
0.113 
0.128 
0.147 
6.44 
6.30 
7.88 
6.87 5.24 
5.27 
5.40 
2.84 
3.40 
2.92 
0.181 
0.189 
0.173 
8.76 
10.22 
9.52 
9.50 5.68 
5.12 
5.52 
4.53 
3.13 
3.75 
0.250 
0.225 
0.249 
10.78 
13.73 
15.19 
13.23 5.35 
4.90 
5.30 
4.48 
3.56 
4.34 
0.129 
0.101 
0.113 
5.15 
4.34 
4.20 
4.56 5.91 
5.62 
5.83 
2.11 
1.72 
1.83 
Table A3. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer iiig P/kg yield (g) (g) 
15 Gosport BaseWt. 100 4.79 4.63 
4.39 
4.71 
16 Gosport BaseWI. 150 4.77 4.73 
4.74 
4.68 
17 Gosport BaseWt. 200 5.16 5.14 
5.70 
4.57 
18 Gosport SBM 50 3.91 3.64 
3.12 
3.90 
19 Gosport SBM 100 3.82 3.89 
4.21 
3.63 
20 Gosport SBM 150 3.16 3.96 
4.28 
4.45 
21 Gosport SBM 200 4.11 4.30 
4.50 
4.29 
Yield of P Average 
% P (nig) (nig) % N % K 
0.145 6.95 7.09 5.59 2.02 
0.157 6.89 5.78 1.85 
0.158 7.44 5.53 1.87 
0.197 9.40 10.33 6.04 2.30 
0.240 11.38 5.20 1.71 
0.218 10.20 5.95 1.88 
0.266 13.73 13.81 6.08 1.68 
0.263 14.99 5.12 1.64 
0.278 12.70 5.91 1.66 
to 
0.138 5.40 5.10 5.98 2.37 ^ 
0.141 4.40 5.70 2.47 
0.141 5.50 6.21 2.17 
0.138 5.27 5.65 5.93 2.57 
0.146 6.15 5.56 2.28 
0.152 5.52 5.81 2.32 
0.165 5.21 4.80 6.19 2.25 
0.066 2.82 5.79 0.73 
0.143 6.36 5.35 2.52 
0.166 6.82 7.18 5.94 2 49 
0.163 7,34 5,56 2.19 
0.172 7,38 6,11 2,34 
Table A3. (Continued) 
Treat. # Soil 
Rate Dry matter Average 
Fertilizer mg P/kg yield (g) (g) 
22 Gosport Dairy 50 4.20 
3.87 
4.27 
4.11 
23 Gosport Dairy 100 4.11 
3.77 
4.06 
3.98 
24 Gosport Dairy 150 3.74 
3.79 
3.58 
3.70 
25 Gosport Dairy 200 3.31 
3.71 
3.32 
3.45 
26 Gosport Chicken 50 3.82 
3.64 
3.91 
3.79 
27 Gosport Chicken 100 5.09 
3.97 
4.83 
4.63 
28 Gosport Chicken 150 5.33 
4.88 
4.23 
4.81 
Yield of P Average 
% P (nig) (mg) % N % K 
0.141 
0.125 
0.130 
5.92 
4.84 
5.55 
5.44 5.68 
5.12 
5.52 
2.66 
2.53 
2.63 
0.166 
0.145 
0.161 
6.82 
5.47 
6.54 
6.28 4.83 
4.30 
4.96 
2.68 
2.72 
2.96 
0.213 
0.230 
0.263 
7.97 
8.72 
9.42 
8.70 4.93 
3.73 
3.97 
3.46 
2.32 
3.15 
0.284 
0.342 
0.253 
9.40 
12.69 
8.40 
10.16 4.51 
3.70 
4.34 
3.51 
3.43 
2.85 
0.109 
0.120 
0.124 
4.16 
4.37 
4.85 
4.46 5.14 
5.52 
5.36 
2.60 
2.12 
2.70 
0.127 
0.147 
0.133 
6.46 
5.84 
6.42 
6.24 5.17 
5.10 
4.99 
2.72 
2.44 
2.78 
0.184 
0.163 
0.180 
9.81 
7.95 
7.61 
8.46 4.53 
5.04 
5.13 
2.71 
2.99 
2.99 
Table A3. (Continued) 
Treat. # Soil 
Rate Dry matter Average 
Fertilizer mg P/kg yield (g) (g) 
29 Gosport Chicken 200 4.72 
5.09 
4.63 
4.81 
30 Gosport Swine 50 4.20 
4.07 
3.38 
3.88 
31 Gosport Swine 100 4.89 
4.79 
4.70 
4.79 
32 Gosport Swine 150 5.46 
5.15 
4.57 
5.06 
33 Gosport Swine 200 4.52 
5.35 
5.25 
5.04 
34 Gosport Calcium P. 50 3.73 
3.23 
3.42 
3.46 
35 Gosport Calcium P. 100 3.94 
3.93 
4.03 
3.97 
Yield of P Average 
% P (mg) (mg) % N % K 
0.191 9.02 9.57 5.12 3.52 
0.193 9.82 4.25 2.17 
0.213 9.86 4.45 3.11 
0.129 5.42 4.96 5.79 2.73 
0.122 4.97 5.47 2.62 
0.133 4.50 5.69 2.46 
0.145 7.09 6.81 5.42 2.47 
0.147 7.04 5.11 2.35 
0.134 6.30 4.99 2.42 
0.189 10.32 9.15 5.09 2.67 S 
0.182 9.37 4.78 2.56 
0.170 7.77 5.45 2.71 
0.216 9.76 11.41 5.10 2.40 
0.216 11.56 5.40 2.62 
0.246 12.92 5.48 2.69 
0.114 4.25 4.30 6.26 2.22 
0.128 4.13 5.93 2.08 
0.132 4.51 5.79 2.61 
0.154 6.07 5.60 5.82 2.45 
0.115 4.52 5.85 2.04 
0.154 6.21 6.25 2.57 
Table A3. (Continued) 
Treat. # Soil 
Rate Dry matter Average 
Fertilizer mg P/kg yield (g) (g) 
36 Gosport Calcium P. 150 3.90 
3.82 
4.58 
4.10 
37 Gosport Calcium P. 200 4.67 
5.17 
3.99 
4.61 
38 Grundy 0.42 
0.67 
0.15 
0.41 
39 Grundy Ag.WAS 50 3.51 
4.75 
4.23 
4.16 
40 Grundy Ag.WAS 100 4.17 
5.74 
3.97 
4.63 
41 Grundy Ag.WAS 150 6.27 
5.76 
5.14 
5.72 
42 Grundy Ag.WAS 200 4.80 
5.20 
3.67 
4.56 
Yield of P Average 
% P (mg) (mg) % N % K 
0.243 
0.181 
0.210 
9.48 
6.91 
9.62 
8.67 6.20 
5.74 
5.51 
2.08 
2.27 
1.99 
0.249 
0.236 
0.223 
11.63 
12.20 
8.90 
10.91 5.71 
5.56 
5.85 
2.07 
2.02 
2.14 
0.084 
0.069 
0.099 
0.35 
0.46 
0.15 
0.32 6.92 
4.68 
6.58 
3.06 
5,02 
2.54 
0.173 
0.164 
0.174 
6.07 
7.79 
7.36 
7.07 5.86 
5.36 
5.11 
2.92 
2.19 
2.58 
0.231 
0.237 
0.274 
9.63 
13.60 
10.88 
11.37 5.33 
5.10 
5.74 
2.24 
2.32 
2.65 
0.194 
0.206 
0.278 
12.16 
11.87 
14.29 
12.77 5.23 
4.98 
5.76 
2.22 
1.71 
2.64 
0.327 
0.278 
0.384 
15.70 
14.46 
14.09 
14.75 5.24 
5.05 
4.96 
2.27 
3.18 
3.55 
Table A3. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
43 Grundy SMB 50 3.81 4.17 
4.54 
4.15 
44 Grundy SMB 100 4.81 4.43 
3.78 
4.71 
45 Grundy SMB 150 4.65 4.48 
4.21 
4.58 
46 Grundy SMB 200 4.75 4.73 
5.07 
4.38 
47 Grundy CSA 50 3.62 3.70 
3.82 
3.66 
48 Grundy CSA 100 4.10 4.48 
5.33 
4.00 
49 Grundy CSA 150 5.21 5.37 
5.72 
5.18 
Yield of P Average 
% P ^g) (mg) % N % K 
0.133 
0.152 
0.141 
5.07 
6.90 
5.85 
5.94 5.65 
5.21 
5.02 
2.70 
2.09 
2.59 
0.269 
0.239 
0.194 
12.94 
9.03 
9.14 
10.37 6.27 
5.51 
5.74 
2.56 
2.06 
2.41 
0.369 
0.280 
0.286 
17.16 
11.79 
13.10 
14.02 5.69 
5.43 
5.66 
2.23 
1.66 
2.18 
0.451 
0.409 
0.419 
21.42 
20.74 
18.35 
20.17 5.50 
5.26 
5.57 
2.23 
2.17 
2.39 
0.096 
0.103 
0.117 
3.48 
3.93 
4.28 
3.90 5.39 
5.26 
6.13 
3.35 
2.69 
3.28 
0.164 
0.162 
0.152 
6.72 
8.63 
6.08 
7.15 5.45 
5.00 
5.71 
4.43 
3.27 
3 82 
0.231 
0.223 
0.242 
12.04 
12.76 
12.54 
12.44 5.44 
5.30 
5.34 
3.52 
3.48 
4.10 
Table A3. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
50 Grundy CSA 200 5.69 5.78 
5.68 
5.97 
51 Grundy BaseWt. 50 4.11 3.79 
3.48 
3.78 
52 Grundy BaseWt. 100 4.76 4.45 
4.73 
3.86 
53 Grundy BaseWL 150 5.15 4.94 
4.73 
4.93 
54 Grundy BaseWt. 200 4.37 5.18 
5.23 
5.94 
55 Grundy SBM 50 3.04 2.35 
3.41 
0.60 
56 Grundy SBM 100 2.57 3.34 
2.96 
4.49 
Yield of P Average 
% P (mg) (mg) % N % K 
0.325 
0.306 
0.324 
18.49 
17.38 
19.34 
18.41 5.57 
5.15 
5.20 
3.35 
3.57 
3.33 
0.113 
0.137 
0.109 
4.64 
4.77 
4.12 
4.51 6.01 
5.53 
6.02 
2.45 
1.94 
2.37 
0.175 
0.167 
0.165 
0.236 
0.281 
0.228 
8.33 
7.90 
6.37 
12.15 
13.29 
11.24 
7.53 
12.23 
5.67 
5.64 
6.00 
5.71 
5.20 
6.07 
1.89 
2.07 
2.25 
2.10 
1.92 
1.92 
to 
oi 
CO 
0.281 
0.329 
0.384 
12.28 
17.21 
22.81 
17.43 5.94 
5.59 
4.62 
2.32 
2.00 
2.02 
0.119 
0.141 
0.174 
3.62 
4.81 
1.04 
3.16 6.25 
5.72 
6.29 
2.75 
2.08 
1.83 
0.228 
0.214 
0.189 
5.86 
6.33 
8.49 
6.89 6.36 
5.94 
5.99 
2.30 
2.00 
2.60 
Table A3. (Continued) 
Treat. # Soil 
Rate Dry matter Average 
Fertilizer mg P/kg yield (g) (g) 
57 Grundy SBM 150 3.82 
4.92 
3.97 
4.24 
58 Grundy SBM 200 4.94 
4.00 
4.23 
4.39 
59 Grundy Dairy 50 3.68 
3.78 
3.30 
3.59 
60 Grundy Dairy 100 2.68 
4.55 
3.53 
3.59 
61 Grundy Dairy 150 3.35 
3.69 
2.81 
3.28 
62 Grundy Dairy 200 3.57 
2.69 
2.40 
2.89 
63 Grundy Chicken 50 3.79 
3.29 
3.36 
3.48 
Yield of P Average 
% P (mg) (mg) % N % K 
0.301 11.50 10.95 6.22 2.29 
0.218 10.73 5.79 2.03 
0.268 10.64 5.79 2.11 
0.288 14.23 12.81 5.63 2.15 
0.326 13.04 5.96 2.19 
0.264 11.17 5.80 2.07 
0.115 4.23 4.27 5.50 2.95 
0.112 4.23 5.18 2.35 
0.132 4.36 5.26 2.51 
to 
0.163 4.37 5.96 5.27 3.14 o 
0.162 7.37 3.96 3.08 
0.174 6.14 4.86 2.82 
0.269 9.01 9.27 4.18 3.47 
0.292 10.77 4.06 3.28 
0.286 8.04 4.54 2.94 
0.429 15.32 13.53 4.09 4.23 
0.465 12.51 4.52 3.16 
0.532 12.77 4.67 4.20 
0.111 4.21 4.08 5.57 2.61 
0.111 3.65 5.51 2.14 
0.130 4.37 6.00 2.62 
Table A3. (Continued) 
Treat. # Soil 
Rate Dry matter Average 
Fertilizer mg P/kg yield (g) (g) 
64 Grundy Chicken 100 4.55 
4.77 
4.18 
4.50 
65 Grundy Chicken 150 3.55 
4.99 
4.15 
4.23 
66 Grundy Chicken 200 4.39 
4.55 
4.74 
4.56 
67 Grundy Swine 50 3.50 
3.13 
3.22 
3.28 
68 Grundy Swine 100 3.91 
4.14 
4.25 
4.10 
69 Grundy Swine 150 4.09 
3.99 
4.57 
4.22 
70 Grundy Swine 200 4.15 
5.20 
4.46 
4.60 
Yield of P Average 
% P (mg) (mg) % N % K 
0.151 
0.153 
0.140 
6.87 
7.30 
5.85 
6.67 5.28 
5.38 
4.77 
2.84 
2.62 
2.98 
0.205 
0.198 
0.199 
7.28 
9.88 
8.26 
8.47 5.49 
4.78 
5.11 
4.22 
3.01 
3.23 
0.297 
0.235 
0.248 
13.04 
10.69 
11.76 
11.83 4.50 
4.38 
4.06 
3.63 
3.26 
3.52 
0.105 
0.093 
0.106 
3.68 
2.91 
3.41 
3.33 5.88 
5.81 
5.56 
2.45 
1.39 
2.79 
0.167 
0.154 
0.172 
6.53 
6.38 
7.31 
6.74 5.71 
5.41 
5.89 
2.59 
2.46 
2.88 
0.250 
0.234 
0.233 
10.23 
9.34 
10.65 
10.07 5.63 
5.22 
5.72 
2.34 
2.52 
2.81 
0.338 
0.352 
0.337 
14.03 
18.30 
15.03 
15.79 5.28 
4.92 
4.63 
2.82 
2.38 
2.98 
Table A3. (Continued) 
Treat. # Soil 
Rate Dry matter Average 
Fertilizer mg P/kg yield (g) (g) 
71 Grundy Calcium P. 50 2.09 
3.75 
3.40 
3.08 
72 Grundy Calcium P. 100 3.54 
2.94 
4.19 
3.56 
73 Grundy Calcium P. 150 4.08 
4.68 
4.47 
4.41 
74 Grundy Calcium P. 200 4.25 
3.99 
3.68 
3.97 
75 Clinton None 0.37 
0.81 
0.93 
0.70 
76 Clinton Ag.WAS 50 1.63 
1.90 
0.89 
1.47 
77 Clinton Ag.WAS 100 2.45 
0.90 
1.82 
1.72 
Yield of P Average 
% P (mg) (mg) % N % K 
0.125 2.61 4.52 6.15 2.70 
0.154 5.78 5.88 2.12 
0.152 5.17 6.45 2.21 
0.140 4.96 6.23 5.94 2.88 
0.195 5.73 5.95 2.08 
0.191 8.00 6.16 2.63 
0.241 9.83 10.48 6.23 2.35 
0.237 11.09 5.61 2.28 
0.235 10.50 5.49 2.48 
N> 
0.338 14.37 13.19 5.85 2.66 S 
0.365 14.56 5.57 2.18 
0.289 10.64 6.37 2.53 
0.083 0.31 0.52 6.52 3.07 
0.075 0.61 6.73 3.88 
0.069 0.64 6.83 3.21 
0.108 1.76 1.44 6.14 3.79 
0.090 1.71 6.02 3.14 
0.094 0.84 5.82 2.42 
0.106 2.60 1.93 5.66 3.59 
0.142 1.28 5.62 2.78 
0.105 1.91 5.32 3.19 
Table A3. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
78 Clinton Ag.WAS 150 1.46 2.51 
2.10 
3.96 
79 Clinton Ag.WAS 200 3.59 4.24 
5.10 
4.04 
80 Clinton SMB 50 3.33 3.12 
3.29 
2.75 
81 Clinton SMB 100 3.99 4.20 
4.91 
3.71 
82 Clinton SMB 150 4.64 4.45 
4.29 
4.41 
83 Clinton SMB 200 5.28 4.76 
4.97 
4.03 
84 Clinton CSA 50 3.35 3.38 
3.63 
3.16 
Yield of P Average 
% P (mg) (mg) % N % K 
0.144 
0.160 
0.105 
2.10 
3.36 
4.16 
3.21 5.71 
5.36 
4.79 
2.88 
2.01 
2.46 
0.156 
0.133 
0.114 
5.60 
6.78 
4.61 
5.66 5.37 
4.64 
4.65 
2.82 
1.89 
2.17 
0.151 
0.113 
0.128 
5.03 
3.72 
3.52 
4.09 5.80 
5.82 
5.83 
2.95 
2.10 
3.16 
0.196 
0.214 
0.206 
7.82 
10.51 
7.64 
8.66 5.85 
4.98 
5.58 
2.52 
2.30 
2.65 
0.257 
0.278 
0.258 
11.92 
11.93 
11.38 
11.74 5.85 
5.39 
5.73 
3.20 
2.02 
2.72 
0.284 
0.291 
0.285 
15.00 
14.46 
11.49 
13.65 5.62 
5.70 
6.31 
2.61 
2.47 
2.97 
0.123 
0.118 
0.127 
4.12 
4.28 
4.01 
4.14 6.06 
6.15 
6.20 
3.87 
2.80 
3.70 
Table A3. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
85 Clinton CSA 100 4.62 4.51 
4.60 
4.30 
86 Clinton CSA 150 5.28 5.21 
5.64 
4.70 
87 Clinton CSA 200 5.80 5.51 
5.21 
5.51 
88 Clinton BaseWt. 50 2.77 3.12 
3.23 
3.35 
89 Clinton BaseWt. 100 3.10 3.61 
4.26 
3.46 
90 Clinton BaseWt. 150 4.88 4.32 
4.21 
3.87 
91 Clinton BaseWt. 200 4.83 4.67 
4.60 
4.59 
Yield of P Average 
% P (nig) (mg) % N % K 
0.161 
0.154 
0.131 
7.44 
7.08 
5.63 
6.72 5.61 
5.38 
5.44 
3.36 
3.16 
3.30 
0.196 
0.213 
0.221 
10.35 
12.01 
10.39 
10.92 5.52 
5.29 
5.12 
4.55 
3.98 
4.30 
0.253 
0.247 
0.295 
14.67 
12.87 
16.25 
14.60 5.36 
5.56 
5.40 
5.02 
3.92 
4.37 
0.107 
0.135 
0.130 
2.96 
4.36 
4.36 
3.89 6.55 
5.73 
5.66 
2.43 
2.52 
2.73 
0.181 
0.164 
0.202 
5.61 
6.99 
6.99 
6.53 6.24 
5.49 
6.17 
2.94 
2.02 
3.23 
0.199 
0.204 
0.248 
9.71 
8.59 
9.60 
9.30 5.68 
5.82 
5.73 
1.62 
2.26 
2.64 
0.250 
0.280 
0.241 
12.08 
12.88 
11.06 
12.01 5.58 
5.28 
5.45 
2.50 
1.75 
1.81 
Table A3. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer ing P/kg yield (g) (g) 
92 Clinton SBM 50 3.26 2.89 
2.87 
2.54 
93 Clinton SBM 100 2.53 3.27 
3.61 
3.66 
94 Clinton SBM 150 3.74 3.84 
4.09 
3.70 
95 Clinton SBM 200 4.45 4.26 
4.13 
4.20 
96 Clinton Dairy 50 2.91 3.10 
3.39 
3.01 
97 Clinton Dairy 100 4.20 3.97 
3.77 
3.94 
98 Clinton Dairy 150 4.44 4.09 
3.93 
3.90 
Yield of P Average 
% P (mg) (mg) % N % K 
0.149 4.86 3.87 6.52 2.95 
0.122 3.50 6.28 2.93 
0.128 3.25 6.22 2.95 
0.169 4.28 4.85 6.33 3.16 
0.149 5.38 5.85 2.56 
0.134 4.90 6.01 2.53 
0.181 6.77 6.64 6.21 3.15 
0.183 7.48 6.33 2.85 
0.153 5.66 5.51 2.58 
to 
0.253 11.26 10,32 6.22 2.46 S 
0.239 9.87 5.88 1.96 
0.234 9.83 6.40 3.19 
0.119 3.46 3.64 5.34 3.74 
0.122 4.14 5.57 2.42 
0.110 3.31 5.68 2.60 
0.178 7.48 6.75 4.51 3.10 
0.175 6.60 4.53 2.86 
0.157 6.19 4.96 2.65 
0.285 12.65 11.89 4.13 3.48 
0.312 12.26 4.35 3.54 
0.276 10.76 4.04 2.66 
Table A3. (Continued) 
Treat. # Soil 
Rate Dry matter Average 
Fertilizer mg P/kg yield (g) (g) 
99 Clinton Dairy 200 4.40 
3.81 
3.86 
4.02 
100 Clinton Chicken 50 3.36 
3.24 
3.08 
3.23 
101 Clinton Chicken 100 4.91 
5.04 
4.61 
4.85 
102 Clinton Chicken 150 4.93 
4.88 
4.86 
4.89 
103 Clinton Chicken 200 5.39 
5.53 
4.86 
5.26 
104 Clinton Swine 50 3.14 
3.26 
3.23 
3.21 
105 Clinton Swine 100 3.98 
4.09 
3.97 
4.01 
Yield of P Average 
% P (mg) (mg) % N % K 
0.319 14.04 13.94 4.50 3.87 
0.331 12.61 4.35 2.91 
0.393 15.17 3.98 3.70 
0.122 4.10 3.70 5.76 2.76 
0.116 3.76 5.58 2.67 
0.105 3.23 6.32 3.02 
0.152 7.46 7.17 5.38 3.34 
0.139 7.01 4.95 3.15 
0.153 7.05 5.40 3.16 
to 
0.161 7.94 8.20 4.59 3.69 05 
0.160 7.81 4.93 3.08 
0.182 8.85 5.26 3.13 
0.220 11.86 11.44 4.25 3.63 
0.213 11.78 4.55 2.97 
0.220 10.69 4.82 3.70 
0.107 3.36 3.61 5.92 3.51 
0.115 3.75 5.72 2.63 
0.115 3.71 6.31 2.47 
0.140 5.57 6.02 5.89 2.60 
0.150 6.14 5.42 2.30 
0.160 6.35 4.65 2.79 
Table A3. (Continued) 
Treat. # Soil Fertilizer 
Rate Dry matter Average 
mg P/kg yield (g) (g) 
Yield ofP 
(mg) 
Average 
(mg) % N % K 
106 Clinton Swine 150 4.58 
4.48 
4.93 
4.66 0.208 
0.198 
0.234 
9.53 
8.87 
11.54 
9.98 5.54 
5.12 
5.02 
2.49 
2.37 
2.76 
107 Clinton Swine 200 4.49 
4.72 
4.45 
4.55 0.253 
0.304 
0.269 
11.36 
14.35 
11.97 
12.56 5.46 
5.31 
5.38 
2.73 
2.77 
2.73 
108 Clinton 
109 Clinton 
Calcium P. 50 
Calcium P. 100 
2.30 
2.72 
1.26 
2.50 
3.35 
2.25 
2.09 
2.70 
0.133 
0.174 
0.112 
0.171 
0.149 
0.162 
3.06 
4.73 
1.41 
4.28 
4.99 
3.65 
3.07 
4.30 
6.31 
6.15 
6.63 
6.61 
6.03 
6.41 
3.22 
2.56 
2.60 
3.05 
2.38 
2.83 
to Oi 
110 Clinton Calcium P. 150 3.99 
4.16 
3.88 
4.01 0.176 
0.196 
0.176 
7.02 
8.15 
6.83 
7.33 5.68 
5.83 
5.71 
2.97 
2.35 
2.63 
111 Clinton Calcium P. 200 4.39 
4.11 
3.96 
4.15 0.195 
0.242 
0.231 
8.56 
9.95 
9.15 
9.22 5.58 
5.78 
6.32 
2.19 
2.21 
2.74 
Table A4. Dry matter yields, yields of P, and N, P, and K concentrations of third cutting of ryegrass 
produced on three soils 
Treat. # Soil Fertilizer 
Rate Dry matter Average 
mg P/kg yield (g) (g) % P 
Yield of P Average 
(mg) (mg) % N %K 
1 Gosport 1.50 
1.83 
2.02 
1.78 0.081 
0.083 
0.091 
1.22 
1.52 
1.84 
1.52 6.29 
6.32 
6.18 
3.45 
3.70 
4.01 
2 Gosport Ag.WAS 50 2.64 
3.37 
3.67 
3.23 0.093 
0.091 
0.098 
2.46 
3.07 
3.60 
3.04 5.52 
5.22 
5.09 
2.95 
3.53 
2.93 
3 Gosport Ag.WAS 100 
4 Gosport Ag.WAS 150 
3.42 
5.58 
4.54 
6.23 
8.48 
7.17 
4.51 
7.29 
0.119 
0.114 
0.107 
0.128 
0.109 
0.145 
4.07 
6.36 
4.86 
7.97 
9.24 
10.40 
5.10 
9.20 
4.98 
4.98 
5.00 
4.93 
4.03 
4.56 
3.06 
3.28 
2.98 
3.42 
3.41 
4.71 
to 05 00 
5 Gosport Ag.WAS 200 6.83 
7.41 
7.06 
7.10 0.151 
0.161 
0.165 
10.31 
11.93 
11.65 
11.30 4.71 
4.69 
4.35 
3.72 
3.44 
4.34 
6 Gosport SMB 50 3.11 
2.91 
3.87 
3.30 0.137 
0.128 
0.142 
4.26 
3.72 
5.50 
4.49 5.74 
5.99 
5.61 
3.38 
3.34 
3.18 
7 Gosport SMB 100 4.06 
4.29 
4.22 
4.19 0.165 
0.163 
0.173 
6.70 
6.99 
7.30 
7.00 3.87 
3.20 
3.94 
3.10 
2.75 
3.25 
Table A4. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
8 Gosport SMB 150 3.84 4.44 
4.95 
4.54 
9 Gosport SMB 200 3.74 4.64 
4.95 
5.22 
10 Gosport CSA 50 2.72 3.57 
3.92 
4.08 
11 Gosport CSA 100 4.15 4.40 
4.61 
4.44 
12 Gosport CSA 150 3.83 4.81 
5.16 
5.43 
13 Gosport CSA 200 3.69 4.74 
5.04 
5.50 
14 Gosport Base Wt. 50 3.71 3.76 
3.74 
3.84 
Yield of P Average 
% P (mg) (mg) % N % K 
0.211 8.10 10.06 5.52 3.59 
0.271 13.41 3.05 3.46 
0.191 8.67 3.71 2.52 
0.280 10.47 11.78 4.43 2.88 
0.265 13.12 4.18 2.50 
0.225 11.75 4.38 2.97 
0.118 3.21 3.95 5.20 3.44 
0.108 4.23 4.93 3.62 
0.108 4,41 4.85 3.26 
0.138 5.73 6.25 4.40 2.92 S 
0.138 6.36 4.66 3.64 
0.150 6.66 4.19 3.49 
0.137 5.25 7.64 5.22 3.54 
0.171 8.82 3.36 2.80 
0.163 8.85 4.46 3.87 
0.229 8.45 10.63 5.26 3.94 
0.226 11.39 2.97 3.11 
0.219 12.05 3.05 4.25 
0.111 4.12 4.24 5.72 3.17 
0.111 4.15 5.51 3.03 
0.116 4.45 5.20 3.20 
Table A4. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
15 Gosport BaseWt. 100 3.11 3.77 
4.03 
4.18 
16 Gosport Base Wt. 150 3.91 4.40 
4.76 
4.54 
17 Gosport BaseWt. 200 3.53 4.38 
4.54 
5.07 
18 Gosport SBM 50 2.86 3.08 
3.46 
2.93 
19 Gosport SBM 100 3.61 3.91 
4.08 
4.03 
20 Gosport SBM 150 3.02 4.03 
4.61 
4.45 
21 Gosport SBM 200 3.57 4.30 
4.59 
4.73 
Yield of P Avertage 
% P (mg) (mg) % N % K 
0.111 3.45 4.11 5.02 2.84 
0.099 3.99 5.13 2.52 
0.117 4.89 4.47 3.10 
0.134 5.24 6.M 5.68 3.19 
0.149 7.09 4.82 2.51 
0.134 6.08 4.05 2.96 
0.199 7.02 7.67 4.41 3.09 
0.148 6.72 3.00 2.88 
0.183 9.28 3.89 2.88 
to 
0.129 3.69 4.32 5.62 3.11 o 
0.131 4.53 5.35 3.86 
0.162 4.75 5.68 3.38 
0.164 5.92 5.72 5.75 3.24 
0.146 5.96 5.37 3.36 
0.131 5.28 5.60 3.43 
0.145 4.38 6.28 6.00 3.34 
0.161 7.42 5.25 2.79 
0.158 7.03 5.25 3.12 
0.196 7.00 7.08 5.86 3.25 
0.141 6.47 4.87 2.43 
0.164 7.76 4.95 2.81 
Table A4. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
22 Gosport Dairy 50 3.02 3.10 
3.34 
2.94 
23 Gosport Dairy 100 3.68 3.87 
3,82 
4.12 
24 Gosport Dairy 150 3.24 3.50 
3.34 
3.91 
25 Gosport Dairy 200 3.02 3.49 
3.66 
3.79 
26 Gosport Chicken 50 3.01 3.45 
3.73 
3.60 
27 Gosport Chicken 100 3.78 4.11 
4.40 
4.16 
28 Gosport Chicken 150 3.92 4.11 
4.02 
4.38 
Yield of P Average 
% P (mg) (mg) % N % K 
0.126 
0.105 
0.116 
3.81 
3.51 
3.41 
3.57 4.95 
4.86 
5.08 
3.47 
3.49 
3.74 
0.136 
0.151 
0.152 
5.00 
5.77 
6.26 
5.68 3.42 
3.39 
3.04 
3.14 
3.62 
3.61 
0.186 
0.161 
0.176 
6.03 
5.38 
6.88 
6.10 3.74 
2.92 
2.76 
3.33 
3.46 
3.90 
0.218 
0.261 
0.244 
6.58 
9.55 
9.25 
8.46 4.26 
3.18 
2.68 
3.20 
3.69 
3.28 
0.116 
0.098 
0.109 
3.49 
3.66 
3.92 
3.69 5.31 
5.04 
4.93 
2.98 
3.40 
3.39 
0.148 
0.144 
0.147 
5.59 
6.34 
6.12 
6.02 4.47 
4.54 
3.74 
2.79 
3.33 
3.05 
0.196 
0.174 
0.163 
7.68 
6.99 
7.14 
7.27 3.00 
3.67 
3.74 
3.12 
3.27 
3.00 
Table A4. (Continued) 
Treat. # Soil 
Rate Dry matter Average 
Fertilizer mg P/kg yield (g) (g) %P 
Yield of P Average 
(mg) (mg) %N %K 
29 Gosport Chicken 200 3.68 
3.89 
4.33 
3.97 0.216 
0.226 
0.204 
7.95 
8.79 
8.83 
8.52 4.65 
3.00 
3.01 
3.16 
3.47 
3.43 
30 Gosport Swine 50 2.91 
3.45 
3.27 
3.21 0.122 
0.117 
0.101 
3.55 
4.04 
3.30 
3.63 5.67 
5.20 
5.31 
3.14 
3.63 
3.42 
31 Gosport Swine 
32 Gosport Swine 
100 
150 
3.77 
4.11 
4.81 
3.79 
4.61 
4.66 
4.23 
4.35 
0.153 
0.135 
0.143 
0.172 
0.159 
0.169 
5.77 
5.55 
6.88 
6.52 
7.33 
7.88 
6.06 
7.24 
4.68 
4.01 
4.01 
3.80 
2.89 
3.96 
3.00 
2.75 
3.16 
3.04 
2.42 
3.08 
to 
-J 
to 
33 Gosport Swine 200 3.17 
5.03 
4.90 
4.37 0.194 
0.168 
0.186 
6.15 
8.45 
9.11 
7.90 4.70 
3.93 
3.83 
2.90 
3.10 
3.10 
34 Gosport Calcium P 50 2.60 
1.65 
3.44 
2.56 0.130 
0.125 
0.115 
3.38 
2.06 
3.96 
3.13 5.23 
6.03 
6.45 
2.86 
4.03 
3.52 
35 Gosport Calcium P 100 3.55 
3.59 
3.41 
3.52 0.140 
0.115 
0.157 
4.97 
4.13 
5.35 
4.82 5.64 
5.37 
5.10 
3.16 
2.72 
3.13 
Table A4. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
36 Gosport Calcium P 150 4.40 4.20 
3.53 
4.66 
37 Goaport Calcium P 200 3.67 4.15 
4.32 
4.46 
38 Grundy - 0.17 0.15 
0.21 
0.07 
39 Grundy Ag.WAS 50 4.11 4.37 
4.42 
4.57 
40 Grundy Ag.WAS 100 4.50 5.59 
6.08 
6.18 
41 Grundy Ag.WAS 150 4.56 5.08 
4.92 
5.77 
42 Grundy Ag.WAS 200 4.23 7.52 
9.62 
8.71 
Yield of P Average 
% P (mg) (mg) % N % K 
0.149 
0.121 
0.172 
6.56 
4.27 
8.02 
6.28 5.74 
5.76 
4.39 
3.30 
3.44 
2.88 
0.164 
0.183 
0.163 
6.02 
7.91 
7.27 
7.06 5.18 
4.33 
4.56 
2.92 
2.34 
2.69 
0.074 
0.072 
0.098 
0.116 
0.104 
0.117 
0.13 
0.15 
0.07 
4.77 
4.60 
5.35 
0.12 
4.90 
6.37 
5.87 
6.33 
5.28 
4.72 
4.88 
3.23 
3.88 
3.23 
3.58 
2.83 
2.89 
to 
CO 
0.176 
0.161 
0.174 
7.92 
9.79 
10.75 
9.49 5.15 
4.33 
4.82 
3.16 
2.56 
3.18 
0.149 
0.166 
0.218 
6.79 
8.17 
12.58 
9.18 4.68 
4.10 
4.65 
2.60 
2.51 
2.77 
0.252 
0.227 
0.254 
10.66 
21.84 
22.12 
18.21 5.06 
3.02 
4.41 
2.87 
1,73 
2.01 
Table A4. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
43 Grundy SMB 50 2.70 3.48 
3.97 
3.77 
44 Grundy SMB 100 3.74 4.22 
4.39 
4.54 
45 Grundy SMB 150 4.04 4.54 
5.10 
4.49 
46 Grundy SMB 200 3.62 4.48 
4.92 
4.89 
47 Grundy CSA 50 2.24 2.72 
2.96 
2.95 
48 Grundy CSA 100 3.69 4.26 
4.75 
4.33 
49 Grundy CSA 150 4.92 5.06 
4.97 
5.30 
Yield of P Average 
% P (mg) (mg) % N % K 
0.103 2.78 3.90 5.70 3.35 
0.125 4.96 5.07 3.44 
0.105 3.96 4.15 3.26 
0.208 7.78 7.67 4.55 3.02 
0.175 7.68 3.87 3.23 
0.166 7.54 4.05 3.01 
0.305 12.32 12.48 4.21 3.10 
0.247 12.60 3.58 2.68 
0.279 12.53 4.09 2.76 
to 
0.311 11.26 15.39 4.50 3.13 
0.342 16.83 3.63 2.54 
0.370 18.09 3.26 2.91 
0.090 2.02 2.71 5.69 3.52 
0.107 3.17 4.75 3.60 
0.100 2.95 5.91 3.80 
0.112 4.13 5.43 5.40 4.18 
0.132 6.27 3.67 3.50 
0.136 5.89 4.98 4.55 
0.190 9.35 9.26 4.62 3.92 
0.181 9.00 3.45 3.17 
0.178 9.43 3.32 4.11 
Table A4. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
50 Grundy CSA 200 5.02 5.43 
5.81 
5.47 
51 Grundy Base Wt. 50 1.86 2.61 
2.77 
3.19 
52 Grundy Base Wt. 100 3.42 3.73 
3.93 
3.84 
53 Grundy Base Wt. 150 3.84 4.09 
3.93 
4.50 
54 Grundy Base Wt. 200 3.61 4.37 
4.95 
4.56 
55 Grundy SBM 50 1.43 1.63 
2.36 
1.09 
56 Grundy SBM 100 3.59 3.42 
3.03 
3.64 
Yield of P Average 
% P (mg) (mg) % N % K 
0.268 
0.320 
0.300 
13.45 
18.59 
16.41 
16.15 4.97 
3.33 
3.01 
4.19 
4.11 
3.70 
0.085 
0.100 
0.098 
1.58 
2.77 
3.13 
2.49 5.90 
5.61 
5.54 
3.25 
3.48 
2.99 
0.129 
0,104 
0.118 
0.160 
0.144 
0.170 
4.41 
4.09 
4.53 
6.14 
5.66 
7.65 
4.34 
6.48 
4.29 
4.48 
4.78 
3.30 
2.93 
3.71 
2.74 
2.17 
3.08 
2.49 
2.42 
2.53 
to 
-J 
en 
0.237 
0.238 
0.241 
8.56 
11.78 
10.99 
10.44 5.48 
3.10 
2.69 
3.11 
2.79 
2.78 
0.085 
0.092 
0.102 
1.22 
2.17 
1.11 
1.50 5.78 
6.18 
4.93 
2.93 
4.27 
3.09 
0.133 
0.160 
0.155 
4.77 
4.85 
5.64 
5.09 5.89 
5.56 
5.28 
3.66 
3.75 
2.99 
Table A4. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
57 Grundy SBM 150 3.75 4.04 
4.40 
3.98 
58 Grundy SBM 200 4.50 4.47 
3.98 
4.94 
59 Grundy Dairy 50 2.65 2.81 
3.07 
2.71 
60 Grundy Dairy 100 2.59 3.42 
4.21 
3.47 
61 Grundy Dairy 150 3.11 3.98 
4.70 
4.13 
62 Grundy Dairy 200 3.85 4.20 
4.42 
4.33 
63 Grundy Chicken 50 2.09 2.31 
2.25 
2.58 
Yield of P Average 
% P (mg) (mg) % N % K 
0.161 6.04 6.41 5.30 2.68 
0.149 6.56 4.93 2.29 
0.167 6.65 4.86 2.97 
0.222 9.99 9.40 4.50 2.73 
0.223 8.88 5.60 3.15 
0.189 9.34 4.35 2.29 
0.102 2.70 2.75 5.53 3.39 
0.092 2.82 4.97 3.36 
0.101 2.74 5.60 3.92 
to 
0.134 3.47 4.93 5.16 3.86 o? 
0.136 5.73 2.81 3.61 
0.161 5.59 3.81 4.13 
0.228 7.09 7.49 3.62 3.07 
0.176 8.27 2.53 3.39 
0.172 7.10 2.44 3.16 
0.252 9.70 11.64 2.93 3.26 
0.299 13.22 2.79 3.13 
0.277 11.99 2.84 4.27 
0.104 2.17 2.38 5.38 2.95 
0.113 2.54 5.36 3.88 
0.094 2.43 5.47 3.38 
Table A4. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
64 Grundy Chicken 100 3.20 3.82 
4.06 
4.21 
65 Grundy Chicken 150 3.11 4.13 
4.55 
4.73 
66 Grundy Chicken 200 4.29 4.37 
4.57 
4.25 
67 Grundy Swine 50 1.79 2.41 
2.73 
2.71 
68 Grundy Swine 100 2.91 3.31 
3.84 
3.17 
69 Grundy Swine 150 3.92 4.15 
3.90 
4.64 
70 Grundy Swine 200 3.59 4.41 
4.79 
4.85 
Yield of P Average 
% P (nig) (nig) % N % K 
0.146 4.67 4.79 
0.124 5.03 
0.111 4.67 
0.149 4.63 6.21 
0.163 7.42 
0.139 6.57 
0.198 8.49 8.00 
0.180 8.23 
0.171 7.27 
0.081 1.45 2.15 
0.095 2.59 
0.089 2.41 
0.104 3.03 3.85 
0.104 3.99 
0.143 4.53 
0.173 6.78 7.29 
0.182 7.10 
0.172 7.98 
0.230 8.26 10.53 
0.248 11.88 
0.23(5 11.45 
5.10 3.54 
3.76 3.55 
3.46 3.33 
4.95 3.66 
3.09 3.42 
3.63 3.51 
2.95 3.46 
2.65 3.34 
2.19 3.44 
6.00 3.64 
5.98 3.50 
5.11 3.80 
5.42 3.02 
4.39 2.28 
4.97 2.94 
4.60 3.14 
3.74 3.05 
3.68 3.09 
4.22 3.01 
3.22 2.43 
2.82 3.24 
Table A4. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
71 Grundy Calcium P 50 0.68 2.08 
3.50 
2.05 
72 Grundy Calcium P 100 2.10 2.73 
2.38 
3.71 
73 Grundy Calcium P 150 3.32 4.06 
4.50 
4.35 
74 Grundy Calcium P 200 3.89 4.06 
3.83 
4.45 
75 Clinton None - 0.06 0.22 
0.16 
0.44 
76 Clinton Ag.WAS 50 0.92 0.71 
0.42 
0.78 
77 Clinton Ag.WAS 100 0.73 1.02 
1.38 
0.95 
Yield of P Average 
% P (mg) (mg) % N % K 
0.075 0.51 2.00 5.79 2.49 
0.112 3.92 5.45 3.13 
0.077 1.58 5.31 3.55 
0.101 2.12 3.90 5.73 3.64 
0.169 4.02 4.90 3.95 
0.150 5.57 5.17 2.75 
0.157 5.21 6.28 5.05 3.19 
0.158 7.11 4.33 2.65 
0.150 6.53 4.26 2.95 
0.258 10.04 9.19 5.66 3.04 oo 
0.220 8.43 4.89 2.87 
0.205 9.12 4.82 2.43 
0.078 0.05 0.15 7.16 3.98 
0.068 0.11 7.06 4.19 
0.064 0.28 6.51 3.51 
0.086 0.79 0.64 5.99 3.54 
0.077 0.32 6.15 2.59 
0.104 0.81 5.77 3.45 
0.073 0.53 0.77 5.92 3.12 
0.070 0.97 5.80 3.00 
0.085 0.81 5.59 2.70 
Table A4. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
78 Clinton Ag.WAS 150 1.94 2.36 
3.22 
1.92 
79 Clinton Ag.WAS 200 3.03 3.51 
5.00 
2.51 
80 Clinton SMB 50 1.33 1.20 
1.13 
1.15 
81 Clinton SMB 100 2.97 3.62 
3.83 
4.05 
82 Clinton SMB 150 2.80 3.66 
4.35 
3.82 
83 Clinton SMB 200 2.88 3.66 
4.44 
3.66 
84 Clinton CSA 50 1.88 2.15 
2.47 
2.10 
Yield of P Average 
(mg) (mg) %N %K 
0.105 
0.088 
0.069 
2.04 
2.83 
1.32 
2.07 5.25 
4.96 
4.64 
3.13 
3.70 
2.48 
0.136 
0.127 
0.079 
4.12 
6.35 
1.98 
4.15 5.28 
4.55 
4.64 
2.61 
2.89 
2.68 
0.117 
0.089 
0.111 
0.135 
0.151 
0.138 
1.56 
1.01 
1.28 
4.01 
5.78 
5.59 
1.28 
5.13 
6.58 
6.02 
5.92 
5.15 
3.38 
4.77 
3.37 
3.63 
4.01 
2.95 
2.79 
3.39 
IN3 
-J 
CD 
0.240 
0.223 
0.238 
6.72 
9.70 
9.09 
8.50 5.88 
3.42 
4.65 
3.41 
2.96 
3.25 
0.271 
0.257 
0.322 
7.80 
11.41 
11.79 
10.33 4.97 
4.86 
5.54 
2.73 
2.86 
3.32 
0.087 
0.098 
0.087 
1.64 
2.42 
1.83 
1.96 4.68 
5.89 
5.43 
3.37 
4.10 
3.90 
Table A4. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
85 Clinton CSA 100 3.86 3.84 
3.96 
3.70 
86 Clinton CSA 150 3.78 4.66 
5.23 
4.96 
87 Clinton CSA 200 4.33 4.99 
5.32 
5.33 
88 Clinton Base Wt. 50 0.88 1.37 
1.52 
1.70 
89 Clinton Base Wt. 100 1.76 2.96 
3.50 
3.62 
90 Clinton Base Wt. 150 3.41 3.90 
4.28 
4.00 
91 Clinton Base Wt. 200 3.72 4.17 
4.33 
4,45 
Yield of P Average 
% P (mg) (mg) % N % K 
0.128 4.94 4.56 5.36 3.53 
0.118 4.67 4.23 3.68 
0.110 4.07 4.84 3.30 
0.172 6.50 8.16 5.02 4.11 
0.171 8.94 3.53 3.69 
0.182 9.03 3.60 3.23 
0.207 8.96 10.34 4.46 3.26 
0.187 9.95 4.26 3.69 
0.227 12.10 3.78 4.48 
to 
0.089 0.78 1.33 6.03 2.69 o 
0.099 1.50 5.76 3.71 
0.100 1.70 5.70 3.06 
0.168 2.96 3.72 5.96 3.23 
0.102 3.57 4.40 3.07 
0.128 4.63 5.56 3.61 
0.166 5.66 6.62 4.86 2.47 
0.161 6.89 4.98 2.52 
0.183 7.32 5.25 3.53 
0.222 8.26 8.75 5.58 2.55 
0.219 9.48 3.69 2.66 
0.191 8.50 3.82 2.45 
Table A4. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
92 Clinton SBM 50 0.74 0.89 
0.66 
1.27 
93 Clinton SBM 100 1.27 1.95 
2.07 
2.52 
94 Clinton SBM 150 1.86 2.67 
3.11 
3.04 
95 Clinton SBM 200 2.88 3.53 
3.80 
3.91 
96 Clinton Dairy 50 2.37 2.08 
2.16 
1.71 
97 Clinton Dairy 100 2.85 3.35 
3.20 
3.99 
98 Clinton Dairy 150 3.90 4.11 
4.34 
4.09 
Yield of P Average 
% P (mg) (mg) % N % K 
0.103 
0.098 
0.120 
0.76 
0.65 
1.52 
0.98 6.70 
5.69 
5.97 
3.05 
3.60 
4.04 
0.118 
0.127 
0.129 
1.50 
2.63 
3.25 
2.46 6.15 
5.61 
5.53 
3.11 
4.14 
3.98 
0.167 
0.168 
0.153 
3.11 
5.22 
4.65 
4.33 6.68 
5.45 
5.47 
3.26 
3.54 
3.68 
0.194 
0.180 
0.189 
5.59 
6.84 
7.39 
6.61 5.67 
5.33 
5.38 
2.79 
2.39 
3.21 
0.148 
0.131 
0,106 
3.51 
2.83 
1.81 
2.72 5.36 
5.82 
5.47 
3.49 
3.06 
3.84 
0.129 
0.134 
0.146 
3.68 
4.29 
5.83 
4.60 4.05 
3.75 
3.25 
3.18 
3.68 
3.89 
0.181 
0.187 
0.196 
7.06 
8.12 
8.02 
7.73 2.98 
2.68 
2.84 
3.25 
3.32 
3.63 
Table A4. (Continued) 
Rate Dry matter Average 
Treat. It Soil Fertilizer mg P/kg yield (g) (g) 
99 Clinton Dairy 200 3.92 4.41 
4.60 
4.71 
100 Clinton Chicken 50 3.09 2.54 
2.86 
1.66 
101 Clinton Chicken 100 3.50 3.87 
4.17 
3.94 
102 Clinton Chicken 150 3.47 4.32 
4.55 
4.94 
103 Clinton Chicken 200 4.33 4.55 
4.39 
4.92 
104 Clinton Swine 50 1.44 1.49 
1.50 
1.52 
105 Clinton Swine 100 2.75 3.17 
2.90 
3.87 
Yield of Average 
% P (mg) (mg) % N % K 
0.226 8.86 10.30 3.71 3.40 
0.253 11.64 2.63 3.39 
0.221 10.41 2.54 3.59 
0.128 3.96 3.06 5.25 2.80 
0.125 3.58 5.47 3.59 
0.100 1.66 5.56 2.97 
0.146 5.11 5.54 5.07 3.55 
0.140 5.84 3.31 3.51 
0.144 5.67 3.91 3.43 
to 
0.138 4.79 6.54 4.44 3.44 M 
0.159 7.23 3.10 3.25 
0.154 7.61 3.22 3.42 
0.196 8.49 8.38 2.89 3.17 
0.184 8.08 2.89 3.29 
0.174 8.56 2.70 3.63 
0.103 1.48 1.45 6.14 3.51 
0.080 1.20 5.22 3.39 
0.110 1.67 5.17 3.36 
0.128 3.52 3.75 5.51 2.42 
0.114 3.31 4.98 3.39 
0.114 4.41 4.24 3.16 
Table A4. (Continued) 
Treat. # Soil 
Rate Dry matter Average 
Fertilizer mg P/kg yield (g) (g) % P 
Yield of P Average 
(mg) (mg) % N %K 
106 Clinton Swine 150 3.83 
4.48 
4.19 
4.17 0.192 
0.148 
0.163 
7.35 
6.63 
6.83 
6.94 4.03 
3.17 
3.72 
2.80 
3.11 
2.86 
107 Clinton Swine 200 3.30 
4.20 
4.35 
3.95 0.227 
0.240 
0.222 
7.49 
10.08 
9.66 
9.08 4.93 
2.88 
3.30 
2.92 
3.08 
3.09 
108 Clinton Calcium P 50 
109 Clinton Calcium P 100 
1.30 
1.39 
0.51 
1.41 
2.64 
0.76 
1.07 
1.60 
0.089 
0.164 
0.117 
0.161 
0.132 
0.161 
1.16 
2.28 
0.60 
2.27 
3.48 
1.22 
1.34 
2.33 
6.45 
5.67 
6.06 
6.94 
5.37 
6.12 
2.86 
3.16 
3.78 
3.59 
3.54 
3.08 
to 
00 
CO 
110 Clinton Calcium P 150 2.20 
3.19 
3.60 
3.00 0.163 
0.165 
0.139 
3.59 
5.26 
5.00 
4.62 6.42 
5.13 
4.97 
3.59 
3.01 
3.13 
111 Clinton Calcium P 200 2.83 
3.27 
2.74 
2.95 0.179 
0.191 
0.199 
5.07 
6.25 
5.45 
5.59 5.93 
5.18 
5.52 
2.92 
3.01 
3.55 
Table A5. Dry matter yields, yields of P, and N, P, and K concentrations of fourth cutting of 
ryegrass produced on three soils 
Treat. # Soil Fertilizer 
Rate Dry matter Average 
mg P/kg yield (g) (g) % P 
Yield of P Average 
(mg) (mg) %N %K 
1 Gosport 1.13 
1.70 
2.11 
1.65 0.097 
0.075 
0.086 
1.10 
1.28 
1.81 
1.10 5.97 
5.88 
6.01 
3.24 
3.77 
4.04 
Gosport Ag.WAS 50 3.86 
3.07 
3.56 
3.50 0.083 
0.088 
0.083 
3.20 
2.70 
2.95 
2.95 4.73 
4.94 
5.04 
2.99 
3.27 
3.15 
Gosport Ag.WAS 100 
4 Gosport Ag.WAS 150 
5.93 
7.21 
6.23 
7.89 
7.96 
8.50 
6.46 
8.12 
0.124 
0.098 
0.088 
0.081 
0.068 
0.083 
7.35 
7.07 
5.48 
6.39 
5.41 
7.06 
6.63 
6.29 
4.52 
3.57 
4.56 
2.99 
2.77 
3.56 
2.92 
2.64 
2.88 
2.45 
2.90 
3.43 
to 
00 
5 Gosport Ag.WAS 200 7.84 
8.60 
8.55 
8.33 0.098 
0.119 
0.106 
7.68 
10.23 
9.06 
8.99 2.66 
2.17 
3.57 
2.40 
2.50 
2.86 
6 Gosport SMB 50 4.43 
4.15 
5.37 
4.65 0.123 
0.123 
0.117 
5.45 
5.10 
6.28 
5.61 5.46 
3.78 
3.99 
3.21 
3.73 
2.94 
7 Gosport SMB 100 5.12 
5.63 
5.60 
5.45 0.166 
0.169 
0.128 
8.50 
9.51 
7.17 
8.39 2.17 
1.66 
1.75 
2.75 
2.74 
2.62 
Table A5. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
8 Gosport SMB 150 5.44 5.83 
6.34 
5.71 
9 Gosport SMB 200 5.15 5.85 
5.90 
6.50 
10 Gosport CSA 50 4.22 4.53 
4.68 
4.68 
11 Gosport CSA 100 5.25 5.67 
5.95 
5.82 
12 Gosport CSA 150 5.71 6.03 
5.45 
6.94 
13 Gosport CSA 200 5.52 6.3G 
6.64 
6.93 
14 Gosport Base Wt. 50 3.62 4.03 
4.15 
4.31 
Yield of P Average 
% P (rag) (nig) % N % K 
0.178 
0.258 
0.182 
9.68 
16.36 
10.39 
12.14 3.77 
1.76 
1.78 
3.28 
2.55 
2.47 
0.278 
0.245 
0.232 
14.32 
14.46 
15.08 
14.62 2.09 
2.06 
2.62 
2.98 
2.50 
2.82 
0.102 
0.096 
0.093 
0.162 
0.109 
0.111 
4.30 
4.49 
4.35 
8.51 
6.49 
6.46 
4.38 
7.15 
4.17 
3.17 
1.41 
5.27 
2.21 
1.76 
2.92 
2.59 
2.62 
2.56 
2.91 
2.23 
to 
QD 
cn 
0.173 
0.140 
0.154 
9.88 
7.63 
10.69 
9.40 3.62 
1.69 
1.99 
3.94 
2.39 
3.13 
0.216 
0.187 
0.182 
11.92 
12.42 
12.61 
12.32 2.85 
1.32 
2.56 
3.19 
2.42 
2.36 
0.086 
0.094 
0.086 
3.11 
3.90 
3.71 
3.57 3.55 
3.19 
3.46 
2.89 
2.47 
2.52 
Table A5. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
15 Gosport BaseWt. 100 4.76 5.61 
5.95 
6.11 
16 Gosport BaseWt. 150 4.91 5.71 
5.98 
6.23 
17 Gosport Base Wt. 200 5.62 5.79 
5.56 
6.20 
18 Gosport SBM 50 4.81 4.60 
5.49 
3.50 
19 Gosport SBM 100 4.98 5.45 
5.17 
6.20 
20 Gosport SBM 150 4.22 5.38 
5.94 
5.97 
21 Gosport SBM 200 5.44 6.17 
6.81 
6.25 
Yield of P Average 
(mg) (mg) % N 
0.151 
0.100 
0.102 
7.19 
5.95 
6.23 
6.46 3.09 
2.58 
2.01 
3.01 
2.27 
2.73 
0.121 
0.111 
0.125 
5.94 
6.64 
7.79 
6.79 3.56 
2.15 
1.82 
3.01 
2.10 
2.80 
0.136 
0.128 
0.135 
0.105 
0.082 
0.106 
7.64 
7.12 
8.37 
5.05 
4.50 
3.71 
7.71 
4.42 
2.07 
1.61 
1.97 
4.42 
3.71 
4.64 
2.64 
2.71 
2.51 
3.05 
2.94 
3.10 
to 00 Ol 
0.130 
0.108 
0.115 
6.47 
5.58 
7.13 
6.40 4.22 
2.66 
3.20 
2.76 
3.02 
3.17 
0.135 
0.168 
0.125 
5.70 
9.98 
7.46 
7.71 5.00 
2.36 
2.02 
3.12 
2.62 
2.23 
0.166 
0.135 
0.150 
9.03 
9.19 
9.38 
9.20 4.35 
1.39 
2.34 
2.82 
2.29 
2.95 
Table A5. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
22 Gosport Dairy 50 3.67 4.04 
4.45 
3.99 
23 Gosport Dairy 100 4.83 4.84 
5.18 
4.51 
24 Gosport Dairy 150 4.25 4.53 
4.47 
4.87 
25 Gosport Dairy 200 3.96 4.57 
4.75 
5.00 
26 Gosport Chicken 50 3.03 3.23 
2.97 
3.70 
27 Gosport Chicken 100 4.64 5.07 
5.31 
5.25 
28 Gosport Chicken 150 4.73 4.95 
4.75 
5.38 
Yield of P Average 
% P (mg) (mg) % N % K 
0.095 3.49 3.17 2.97 3.18 
0.071 3.16 2.45 2.72 
0.072 2.87 2.98 3.43 
0.124 5.99 6.18 1.84 3.04 
0.131 6.79 1.81 2.74 
0.128 5.77 1.89 2.81 
0.218 9.27 8.22 2.41 3.50 
0.156 6.97 1.59 2.29 
0.173 8.43 1.71 3.14 
to 
0.247 9.78 11.41 2.84 3.25 
0.258 12.26 1.83 2.93 
0.244 12.20 1.97 3.03 
0.092 2.79 2.77 3.48 2.43 
0.089 2.64 3.48 3.16 
0.078 2.89 2.77 2.48 
0.147 6.82 6.20 2.33 3.07 
0.105 5.58 2.34 2.68 
0.118 6.20 1.82 2.66 
0.191 9.03 8.30 1.84 2.99 
0.182 8.65 1.87 2.32 
0.134 7.21 1.81 2.08 
Table A5. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
29 Gosport Chicken 200 4.16 4.78 
4.92 
5.26 
30 Gosport Swine 50 3.18 3.68 
3.71 
4.14 
31 Gosport Swine 100 4.31 5.02 
5.54 
5.20 
32 Gosport Swine 150 4.72 5.21 
5.12 
5.80 
33 Gosport Swine 200 4.81 5.52 
6.04 
5.70 
34 Gosport Calcium P 50 4.20 4.08 
3.50 
4.55 
35 Gosport Calcium P 100 4.16 4.82 
4.75 
5.54 
Yield of P Average 
% P (mg) (mg) % N % K 
0.239 9.94 10.73 2.45 3.41 
0.229 11.27 1.82 3.05 
0.209 10.99 1.80 3.23 
0.119 3.78 3.39 4.77 3.11 
0.075 2.78 3.29 3.10 
0.087 3.60 4.22 3.71 
0.127 5.47 5.59 2.36 2.70 
0.109 6.04 1.73 2.35 
0.101 5.25 1.89 2.70 
to 
0.173 8.17 8.48 1.92 3.08 oS 
0.154 7.88 1.45 2.41 
0.162 9.40 1.77 2.28 
0.154 7.41 9.56 1.96 2.62 
0.192 11.60 1.60 1.98 
0.170 9.69 1.66 2.40 
0.150 6.30 4.88 4.55 3.28 
0.120 4.20 5.61 4.12 
0.091 4.14 3.18 2.73 
0.116 4.83 5.19 4.38 3.36 
0.105 4.99 3.10 3.10 
0.104 5.76 2.95 3,14 
Table A5. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
36 Gosport Calcium P 150 5.63 5.56 
5.36 
5.70 
37 Gosport Calcium P 200 4.84 5.24 
5.16 
5.72 
38 Grundy - 0.00 0.04 
0.11 
0.00 
39 Grundy Ag.WAS 50 5.18 5.73 
5.55 
6.45 
40 Grundy Ag.WAS 100 5.82 7.07 
7.04 
8.34 
41 Grundy Ag.WAS 150 6.29 6.69 
6.30 
7.48 
42 Grundy Ag.WAS 200 7.25 7.59 
5.91 
9.61 
Yield of P Average 
% P (mg) (mg) % N % K 
0.147 
0.128 
0.119 
8.28 
6.86 
6.78 
7.31 2.47 
3.10 
1.71 
3.02 
3.17 
2.41 
0.140 
0.199 
0.113 
6.78 
10.27 
6.46 
7.84 2.63 
1.85 
1.92 
3.40 
3.01 
2.36 
0.000 
0.078 
0.000 
0.105 
0.109 
0.125 
0.00 
0.09 
0.00 
5.44 
6.05 
8.06 
0.03 
6.52 
6.19 
5.44 
4.79 
4.69 
2.73 
3.78 
0.00 
3.32 
0.00 
3.17 
2.51 
3.19 
to 00 CD 
0.168 
0.146 
0.159 
9.78 
10.28 
13.26 
11.11 4,33 
1.74 
3.04 
2.73 
1.96 
2.33 
0.186 
0.145 
0.175 
11.70 
9.14 
13,09 
11.31 2.66 
1.77 
2.72 
2.52 
2.15 
2.45 
0.220 
0.248 
0.232 
15.95 
14.66 
22.30 
17.63 2.50 
1.47 
1.99 
2.46 
2.36 
2.05 
Table A5. (Continued) 
Rate Dry matter Average 
Treat, it Soil Fertilizer mg P/kg yield (g) (g) 
43 Grundy SMB 50 2.98 3.89 
3.97 
4.72 
44 Grundy SMB 100 4.56 5.53 
6.13 
5.90 
45 Grundy SMB 150 5.34 5.92 
6.19 
6.24 
46 Grundy SMB 200 5.67 5.98 
6.67 
5.59 
47 Grundy CSA 50 2.68 3.69 
4.53 
3.87 
48 Grundy CSA 100 4.65 5.51 
5.85 
6.04 
49 Grundy CSA 150 6.16 6.29 
5.92 
6.78 
Yield of P Average 
% P (mg) (mg) % N % K 
0.125 
0.108 
0.094 
3.73 
4.29 
4.44 
4.15 3.75 
2.64 
2.15 
3.15 
2.97 
2.74 
0.165 
0.145 
0.213 
7.52 
8.89 
12.57 
9.66 2.10 
2.24 
1.58 
3.05 
2.23 
2.36 
0.250 
0.244 
0.229 
0.290 
0.240 
0.302 
13.35 
15.10 
14.29 
16.44 
16.01 
16.88 
14.25 
16.44 
1.87 
1.74 
2.41 
2.22 
1.44 
2.04 
2.54 
2.49 
2.50 
3.19 
2.03 
2.97 
to 
CO 
o 
0.140 
0.096 
0.097 
3.75 
4.35 
3.75 
3.95 5.30 
2.92 
3.93 
3.98 
3.04 
2.93 
0.108 
0.132 
0.137 
5.02 
7.72 
8.27 
7.01 4.19 
1.57 
2.54 
3.69 
2.87 
3.45 
0.153 
0.186 
0.179 
9.42 
11.01 
12.14 
10.86 1.77 
1.58 
1.66 
2.73 
3.14 
3.33 
Table A5. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
50 Grundy CSA 200 6.56 6.61 
6.73 
6.53 
51 Grundy Base Wt. 50 1.61 2.82 
3.17 
3.67 
52 Grundy Base Wt. 100 3.69 3.98 
3.92 
4.32 
53 Grundy Base Wt. 150 4.21 4.57 
4.47 
5.03 
54 Grundy Base Wt. 200 4.93 5.22 
5.29 
5.45 
55 Grundy SBM 50 0.42 1.24 
2.43 
0.87 
56 Grundy SBM 100 4.03 4.16 
4 21 
4.25 
Yield of P Average 
% P (rag) (mg) % N % K 
0.246 
0.202 
0.173 
16.14 
13.59 
11.30 
13.68 2.31 
1.56 
1.43 
3.93 
2.15 
2.54 
0.119 
0.099 
0.076 
1.92 
3.14 
2.79 
2.61 5.59 
3.97 
3.75 
3.42 
3.45 
2.72 
0.104 
0.109 
0.090 
0.127 
0.112 
0.125 
3.84 
4.27 
3.89 
5.35 
5.01 
6.29 
4.00 
5.55 
2.33 
2.29 
2.57 
1.94 
1.44 
1.97 
2.87 
2.62 
2.30 
2.72 
2.20 
2.59 
to 
CO 
0.181 
0.161 
0.153 
8.92 
8.52 
8.34 
8.59 2.99 
1.43 
1.48 
2.57 
2.08 
2.16 
0.090 
0.122 
0.070 
0.38 
2.96 
0.61 
1.32 5.82 
4.88 
9.44 
1.40 
3.33 
3.48 
0.120 
0.095 
0.114 
4.84 
4.00 
4.85 
4.56 3.96 
3.65 
3.04 
3.03 
3.15 
2.61 
Table A5. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
57 Grundy SBM 150 4.81 5.19 
5.58 
5.17 
58 Grundy SBM 200 5.89 5.74 
5.33 
6.01 
59 Grundy Dairy 50 3.05 3.43 
3.70 
3.54 
60 Grundy Dairy 100 3.85 4.63 
5.14 
4.89 
61 Grundy Dairy 150 4.74 5.33 
6.17 
5.08 
62 Grundy Dairy 200 4.92 5.35 
6.15 
4.99 
63 Grundy Chicken 50 2.70 3.38 
3.68 
3.75 
Yield of P Average 
% P (mg) (mg) % N % K 
0.140 
0.135 
0.127 
6.73 
7.53 
6.57 
6.94 2.87 
1.95 
2.03 
2.87 
1.95 
2.79 
0.185 
0.161 
0.153 
10.90 
8.58 
9.20 
9.56 1.69 
2.87 
1.75 
2.34 
2.48 
2.19 
0.100 
0.101 
0.080 
0.144 
0.121 
0.128 
3.05 
3.74 
2.83 
5.54 
6.22 
6.26 
3.21 
6.01 
3.34 
3.12 
3.76 
3.90 
1.33 
1.80 
3.16 
2.95 
3.37 
3.76 
2.01 
3.08 
to to K> 
0.173 
0.145 
0.165 
8.20 
8.95 
8.38 
8.51 2.33 
1.31 
1.74 
3.00 
2.41 
2.52 
0.241 
0.215 
0.217 
11.86 
13.22 
10.83 
11.97 1.82 
1.69 
1.73 
3.10 
2.67 
3.48 
0.104 
0.091 
0.101 
2.81 
3.35 
3.79 
3.31 4.29 
3.92 
3.94 
3.49 
4.15 
3.70 
Table A5. (Continued) 
Treat. # Soil Fertilizer 
Rate Dry matter Average 
mg P/kg yield (g) (g) % P 
Yield of 
(mg) 
Average 
(mg) % N % K 
64 Grundy Chicken 100 4.79 
5.24 
5.68 
5.24 0.121 
0.117 
0.118 
5.80 
6.13 
6.70 
6.21 1.77 
1.95 
1.60 
2.94 
2.11 
2.75 
65 Grundy Chicken 150 5.16 
6.11 
6.19 
5.82 0.111 
0.170 
0.134 
5.73 
10.39 
8.29 
8.14 3.57 
1.61 
1.74 
3.16 
2.76 
2.55 
66 Grundy Chicken 200 
67 Grundy Swine 50 
5.20 
5.84 
4.90 
1.41 
2.65 
2.69 
5.31 
2.25 
0.188 
0.169 
0.179 
0.109 
0.106 
0.093 
9.78 
9.87 
8.77 
1.54 
2.81 
2.50 
9.47 
2.28 
1.87 
1.38 
1.69 
5.85 
4.98 
4.93 
2.91 
2.68 
2.82 
3.36 
3.16 
3.67 
to 
CO 
CO 
68 Grundy Swine 100 3.78 
4.89 
3.96 
4.21 0.157 
0.125 
0.136 
5.93 
6.11 
5.39 
5.81 2.84 
2.02 
2.74 
2.77 
2.72 
3.14 
69 Grundy Swine 150 6.11 
5.82 
5.39 
5.77 0.134 
0.160 
0.160 
8.19 
9.31 
8.62 
8.71 1.80 
1.63 
1.55 
2.45 
2.56 
2.68 
70 Grundy Swine 200 5.34 
6.65 
5.58 
5.86 0.194 
0.219 
0.189 
10.36 
14.56 
10.55 
11.82 1.64 
1.55 
1.65 
2.67 
2.45 
2.77 
Table A5. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
71 Grundy Calcium P 50 0.32 2.12 
4.12 
1.91 
72 Grundy Calcium P 100 1.51 3.23 
3.80 
4.38 
73 Grundy Calcium P 150 4.39 5.18 
5.61 
5.53 
74 Grundy Calcium P 200 4.96 5.38 
5.43 
5.75 
75 Clinton None - 0.00 0.00 
0.00 
0.00 
76 Clinton Ag.WAS 50 0.78 0.52 
0.08 
0.69 
77 Clinton Ag.WAS 100 0.19 0.34 
0.39 
0.45 
Yield of P Average 
% P (nig) (mg) % N % K 
0.070 
0.125 
0.115 
0.22 
5.15 
2.20 
2.52 5.62 
3.40 
4.86 
4.46 
3.01 
3.60 
0.079 
0.093 
0.116 
1.19 
3.53 
5.08 
3.27 5.17 
4.87 
3.08 
3.15 
3.90 
2.66 
0.097 
0.107 
0.124 
0.209 
0.196 
0.142 
4.26 
6.00 
6.86 
10.37 
10.64 
8.17 
5.71 
9.72 
2.86 
1.73 
2.11 
3.75 
1.91 
2.42 
2.45 
2.03 
2.77 
2.57 
2.36 
2.27 
to 
CD 4^ 
0.000 
0.000 
0.000 
0.00 
0.00 
0.00 
0.00 0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.095 
0.068 
0.052 
0.74 
0.05 
0.36 
0.38 5.93 
5.54 
6.18 
4.32 
3.81 
3.05 
0.070 
0.054 
0.054 
0.13 
0.21 
0.24 
0.20 5.37 
5.95 
5.71 
3.35 
2.66 
3.25 
Table A5. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
78 Clinton Ag.WAS 150 1.23 1.44 
1.84 
1.26 
79 Clinton Ag.WAS 200 4.26 4.18 
5.75 
2.54 
80 Clinton SMB 50 0.45 0.71 
1.04 
0.65 
81 Clinton SMB 100 3.74 4.48 
4.77 
4.93 
82 Clinton SMB 150 3.97 5.10 
5.73 
5.60 
83 Clinton SMB 200 4.89 5.09 
4.18 
6.19 
84 Clinton CSA 50 1.91 2.52 
3.63 
2.03 
Yield of P Average 
% P (mg) (mg) % N % K 
0.068 0.84 0.96 5.65 2.90 
0.077 1.42 4.87 2.74 
0.050 0.63 5.11 2.08 
0.123 5.24 4.68 4.49 2.79 
0.110 6.33 2.35 2.40 
0.097 2.46 4.59 2.64 
0.106 0.48 0.67 6.12 4.95 
0.091 0.95 5.59 3.40 
0.092 0.60 6.24 4.68 
0.145 5.42 5.93 2.69 3.47 S 
0.135 6.44 1.60 2.72 
0.120 5.92 3.07 3.10 
0.183 7.27 8.84 4.23 3.32 
0.208 11.92 1.80 2.83 
0.131 7.34 2.20 3.06 
0.234 11.44 13.26 3.54 2.82 
0.263 10.99 1.97 2.60 
0.280 17.33 3.37 3.24 
0.124 2.37 3.09 6.17 3.86 
0.133 4.83 4.99 4.43 
0.102 2.07 5.77 3.15 
Table A5. (Continued) 
Rate Dry matter Average 
Treat. It Soil Fertilizer mg P/kg yield (g) (g) 
85 Clinton CSA 100 5.65 5.35 
4.99 
5.40 
86 Clinton CSA 150 5.59 6.03 
5.94 
6.57 
87 Clinton CSA 200 6.58 6.61 
6.86 
6.39 
88 Clinton Base Wt. 50 0.46 0.97 
1.42 
1.02 
89 Clinton Base Wt. 100 1.77 3.15 
3.17 
4.50 
90 Clinton Base Wt. 150 3.92 4.75 
5.28 
5.05 
91 Clinton Base Wt. 200 4.00 3.77 
1.94 
5.36 
Yield of P Average 
% P (mg) (mg) % N % K 
0.142 
0.108 
0.091 
8.02 
5.39 
4.91 
6.11 1.94 
1.56 
1.58 
3.38 
2.95 
2.35 
0.172 
0.171 
0.155 
9.61 
10.16 
10.18 
9.99 3.80 
1.50 
1.75 
3.73 
2.66 
2.03 
0.217 
0.232 
0.209 
0.072 
0.161 
0.086 
14.28 
15.92 
13.36 
0.33 
2.29 
0.88 
14.52 
1.16 
1.80 
1.69 
1.64 
6.77 
5.90 
5.87 
3.50 
3.03 
3.54 
3.67 
3.49 
4.20 
to 
Oi 
0.083 
0.119 
0.109 
1.47 
3.77 
4.91 
3.38 4.93 
2.63 
3.89 
3.37 
3.08 
3.42 
0.117 
0.107 
0.114 
4.59 
5.65 
5.76 
5.33 2.67 
1.92 
3.18 
2.67 
2.55 
3.04 
0.173 
0.135 
0.152 
6.92 
2.62 
8.15 
5.90 3.88 
1.55 
1.59 
2.89 
2.34 
2.46 
Table A5. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
92 Clinton SBM 50 0.13 0.37 
0.32 
0.66 
93 Clinton SBM 100 0.69 2.81 
3.42 
4.33 
94 Clinton SBM 150 1.49 3.78 
4.61 
5.23 
95 Clinton SBM 200 5.06 5.58 
6.03 
5.66 
96 Clinton Dairy 50 3.30 3.80 
4.32 
3.79 
97 Clinton Dairy 100 4.25 4.61 
4.67 
4.91 
98 Clinton Dairy 150 4.62 5.08 
5.36 
5.27 
Yield of P Average 
% P (mg) (mg) % N % K 
0.071 
0.071 
0.075 
0.09 
0.23 
0.50 
0.27 7.12 
6.43 
5.94 
3.43 
3.31 
0.65 
0.100 
0.141 
0.113 
0.69 
4.82 
4.89 
3.47 5.81 
4.99 
4.56 
3.58 
3.73 
3.55 
0.166 
0.150 
0.120 
0.189 
0.189 
0.182 
2.47 
6.92 
6.28 
9.56 
11.40 
10.30 
5.22 
10.42 
5.92 
2.99 
3.95 
3.79 
2.25 
3.19 
3.74 
3.10 
3.02 
3.00 
2.78 
2.85 
CO 
-a 
0.127 
0.109 
0.114 
4.19 
4.71 
4.32 
4.41 4.43 
3.58 
4.59 
3.59 
3.85 
3.84 
0.145 
0.137 
0.129 
6.16 
6.40 
6.33 
6.30 1.86 
1.81 
1.60 
2.92 
2.74 
2.72 
0.166 
0.160 
0.176 
7.67 
8.58 
9.28 
8.51 1.66 
1.44 
1.71 
2.74 
2.65 
3.20 
Table A5. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer nig P/kg yield (g) (g) 
99 Clinton Dairy 200 4.81 5.22 
5.50 
5.36 
100 Clinton Chicken 50 4.59 3.54 
3.94 
2.08 
101 Clinton Chicken 100 4.57 4.99 
5.14 
5.25 
102 Clinton Chicken 150 4.52 5.23 
5.27 
5.89 
103 Clinton Chicken 200 5.70 5.72 
5.51 
5.95 
104 Clinton Swine 50 1.22 1.48 
0.83 
2.40 
105 Clinton Swine 100 3.73 4.17 
4.29 
4.50 
Yield of P Average 
% P (nig) (nig) % N % K 
0.216 
0.183 
0.159 
10.39 
10.07 
8.52 
9.66 1.99 
1.43 
1.39 
3.20 
2.50 
2.27 
0.113 
0.124 
0.099 
5.19 
4.89 
2.06 
4.04 2.88 
3.50 
5.32 
3.06 
3.70 
2.83 
0.162 
0.164 
0.132 
0.208 
0.205 
0.148 
7.40 
8.43 
6.93 
9.40 
10.80 
8.72 
7.59 
9.64 
2.03 
1.55 
1.63 
2.10 
1.58 
1.33 
3.29 
2.35 
3.16 
3.00 
2.91 
2.61 
to 
00 
0.178 
0.195 
0.140 
10.15 
10.74 
8.33 
9.74 1.46 
1.45 
1.23 
2.35 
2.54 
2.20 
0.089 
0.085 
0.104 
1.09 
0.71 
2.50 
1.43 5.70 
5.38 
5.78 
3.56 
3.83 
3.71 
0.160 
0.148 
0.126 
5.97 
6.35 
5.67 
6.00 3.29 
2.58 
1.67 
3.20 
3.30 
2.91 
Table A5. (Continued) 
Kate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) % P 
Yield of P Average 
(mg) (mg) % N % K 
106 Clinton Swine 150 5.08 
5.06 
5.08 
5.07 0.168 
0.145 
0.128 
8.53 
7.34 
6.50 
7.46 1.69 
1.58 
1.38 
2.84 
2.57 
2.34 
107 Clinton Swine 200 4.88 
5.61 
5.49 
5.33 0.203 
0.170 
0.193 
9.91 
9.54 
10.60 
10.01 2.10 
1.36 
1.59 
2.79 
2.37 
3.14 
108 Clinton Calcium P 50 
109 Clinton Calcium P 100 
0.43 
0.98 
0.34 
1.05 
4.10 
0.79 
0.58 
1.98 
0.094 
0.147 
0.084 
0.098 
0.120 
0.113 
0.40 
1.44 
0.29 
1.03 
4.92 
0.89 
0.71 
2.28 
6.00 
4.97 
6.20 
5.28 
3.70 
5.63 
3.88 
3.60 
4.88 
3.10 
3.51 
4.07 
to CO CO 
110 Clinton Calcium P 150 2.28 
4.48 
4.31 
3.69 0.139 
0.121 
0.098 
3.17 
5.42 
4.22 
4.27 5.55 
2.28 
3.13 
4.00 
2.29 
2.73 
111 Clinton Calcium P 200 4.53 
4.89 
4.65 
4.69 0.140 
0.142 
0.148 
6.34 
6.94 
6.88 
6.72 3.14 
2.39 
3.46 
2.96 
2.32 
3.05 
Table A6. Dry matter yields, yields of P, and N, P, and K concentrations of fifth cutting of 
ryegrass produced on three soils 
Treat. # Soil Fertilizer 
Rate Dry matter Average 
mg P/kg yield (g) (g) % P 
Yield of P Average 
(mg) (mg) %N %K 
1 Gosport 1.15 
1.90 
1.86 
1.64 0.076 
0.096 
0.071 
0.87 
1.82 
1.32 
1.34 6.04 
5.95 
5.45 
2.43 
4.44 
2.38 
2 Gosport Ag.WAS 50 2.13 
2.84 
2.45 
2.47 0.106 
0.089 
0.081 
2.26 
2.53 
1.98 
2.26 4.44 
4.11 
3.97 
2.97 
2.87 
3.15 
3 Gosport Ag.WAS 100 
4 Gosport Ag.WAS 150 
4.25 
4.29 
4.92 
5.89 
6.21 
8.85 
4.49 
6.98 
0.099 
0.077 
0.111 
0.087 
0.069 
0.065 
4.21 
3.30 
5.46 
5.12 
4.28 
5.75 
4.32 
5.05 
4.03 
2.37 
1.14 
1.76 
1.58 
1.71 
2.70 
1.82 
2.83 
1.67 
2.13 
1.87 
CO 
o 
o 
5 Gosport Ag.WAS 200 6.09 
5.88 
8.85 
6.94 0.104 
0.094 
0.211 
6.33 
5.53 
18.67 
10.18 1.52 
1.37 
3.86 
1.76 
1.60 
2.84 
6 Gosport SMB 50 4.09 
4.35 
4.60 
4.35 0.075 
0.081 
0.111 
3.07 
3.52 
5.11 
3.90 3.14 
1.88 
2.18 
2.05 
2.00 
3.02 
7 Gosport SMB 100 4.63 
5.04 
4.09 
4.59 0.133 
0.124 
0.221 
6.16 
6.25 
9.04 
7.15 1.78 
1.79 
2.06 
2.43 
1.99 
3.75 
Table A6. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
8 Gosport SMB 150 5.16 4.82 
4.48 
4.83 
9 Gosport SMB 200 4.39 5.15 
4.80 
6.26 
10 Gosport CSA 50 3.92 3.96 
3.91 
4.06 
11 Gosport CSA 100 4.48 4.60 
4.82 
4.51 
12 Gosport CSA 150 5.13 4.98 
4.82 
4.98 
13 Gosport CSA 200 4.66 4.96 
5.04 
5.18 
14 Gosport Base Wt. 50 2.77 3.01 
3.30 
2.96 
Yield of P Average 
% P (mg) (mg) % N % K 
0.143 
0.166 
0.187 
7.38 
7.44 
9.03 
7.95 1.92 
2.03 
1.66 
2.40 
2.38 
2.63 
0.242 
0.228 
0.170 
10.62 
10.94 
10.64 
10.74 1.90 
2.10 
1.32 
2.49 
2.42 
2.22 
0.097 
0.100 
0.126 
3.80 
3.91 
5.12 
4.28 2.87 
2.53 
2.06 
1.60 
2.36 
2.38 
0.141 
0.111 
0.168 
6.32 
5.35 
7.58 
6.41 1.88 
1.51 
1.98 
2.62 
1.92 
3.70 
0.169 
0.159 
0.191 
8.67 
7.66 
9.51 
8.62 1.99 
1.65 
1.79 
3.70 
2.77 
2.40 
0.180 
0.215 
0.244 
8.39 
10.84 
12.64 
10.62 1.95 
1.64 
1.38 
3.37 
2.49 
3.50 
0.098 
0.079 
0.108 
2.71 
2 61 
3.20 
2.84 3.05 
2.80 
2,73 
2.83 
2.64 
3.16 
Table A6. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
15 Gosport Base Wt. 100 3.47 4.19 
4.67 
4.42 
16 Gosport Base Wt. 150 4.68 5.18 
5.58 
5.28 
17 Gosport Base Wt. 200 5.06 4.73 
4.35 
4.79 
18 Gosport SBM 50 3.30 3.73 
3.95 
3.94 
19 Gosport SBM 100 4.68 4.61 
4.47 
4.67 
20 Gosport SBM 150 5.46 4.81 
4.84 
4.12 
21 Gosport SBM 200 6.42 5.71 
5.34 
5.37 
Yield of P Average 
% P (mg) (mg) % N % K 
0.127 4.41 4.51 2.10 2.75 
0.080 3.74 1.72 2.25 
0.122 5.39 1.87 2.84 
0.126 5.90 6.94 2.14 2.30 
0.114 6.36 1.49 1.84 
0.162 8.55 1.50 2.34 
0.125 6.33 7.04 1.42 2.27 
0.167 7.26 1.58 2.17 
0.157 7.52 1.63 2.26 
CO 
0.097 3.20 3.59 3.11 3.20 S 
0,087 3.44 2.72 2.31 
0.105 4.14 2.87 2.48 
0.109 5.10 4.88 2.67 2.08 
0.109 4.87 1.88 2.26 
0.100 4.67 1.88 2.10 
0.098 5.35 6.44 3.24 2.37 
0.176 8.52 2.06 2.73 
0.132 5.44 1.81 2.20 
0.097 6.23 8.20 2.40 1.70 
0.145 7.74 1.60 2.41 
0.198 10.63 1.69 2.34 
Table A6. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
22 Gosport Dairy 50 2.30 2.85 
2.85 
3.40 
23 Gosport Dairy 100 4.02 3.75 
3.50 
3.72 
24 Gosport Dairy 150 4.66 4.43 
4.61 
4.01 
25 Gosport Dairy 200 4.18 4.46 
4.28 
4.93 
26 Gosport Chicken 50 2.51 2.47 
1.81 
3.09 
27 Gosport Chicken 100 3.64 3.87 
4.57 
3.41 
28 Gosport Chicken 150 4.07 4.17 
4.26 
4.18 
Yield of P Average 
% P (mg) (mg) % N % K 
0.117 
0.094 
0.073 
2.69 
2.68 
2.48 
2.62 3.05 
2.63 
2.22 
2.71 
2.42 
2.42 
0.101 
0.134 
0.174 
4.06 
4.69 
6.47 
5.07 1.57 
2.14 
2.19 
1.92 
2.11 
3.21 
0.197 
0.120 
0.204 
0.231 
0.211 
0.294 
9.18 
5.53 
8.18 
9.66 
9.03 
14.49 
7.63 
11.06 
2.20 
2.24 
1.70 
2.39 
2.21 
1.74 
2.61 
2.42 
3.29 
3.44 
2.54 
3.32 
00 
o 
00 
0.127 
0.114 
0.091 
3.19 
2.06 
2.81 
2.69 3.15 
3.55 
2.37 
3.15 
2.86 
2.41 
0.142 
0.125 
0.160 
5.17 
5.71 
5.46 
5.45 2.35 
1.78 
2.19 
2.90 
2.24 
2.99 
0.199 
0.168 
0.169 
8.10 
7.16 
7.06 
7.44 2.04 
2.05 
1.81 
2.72 
2.59 
2.14 
Table A6. (Continued) 
R.ite Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
29 Gosport Chicken 200 3.93 3.96 
3.59 
4.36 
30 Gosport Swine 50 3.00 3.10 
3.38 
2.93 
31 Gosport Swine 100 3.68 3.91 
4.14 
3.92 
32 Gosport Swine 150 4.52 4.36 
4.23 
4.32 
33 Gosport Swine 200 4.47 4.54 
4.60 
4.55 
34 Gosport Calcium P 50 3.72 3.87 
4.54 
3.34 
35 Gosport Calcium P 100 3.96 4.26 
3.69 
5.12 
Yield of P Average 
% P (mg) (mg) % N % K 
0.177 6.96 8.61 2.24 2.43 
0.234 8.40 1.97 2.49 
0.240 10.46 1.57 2.90 
0.113 3.39 2.79 3.47 3.27 
0.076 2.57 2.77 2.66 
0.082 2.40 2.88 2.68 
0.123 4.53 4.93 2.28 2.77 
0.128 5.30 1.97 2.19 
0.127 4.98 2.10 2.28 
03 
0.158 7.14 7.10 1.70 2.14 
0.166 7.02 1.82 2.82 
0.165 7.13 1.78 2.64 
0.118 5.27 7.94 2.00 2.22 
0.206 9.48 2.06 3.22 
0.199 9.05 1.73 2.78 
0.087 3.24 3.20 2.58 3.13 
0.070 3.18 3.96 2.84 
0.095 3.17 2.39 2.54 
0.093 3.68 4.75 2.51 3.05 
0.102 3.76 2.42 1.50 
0.133 6.81 1.99 3.03 
Table A6. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
36 Gosport Calcium P 150 5.04 4.74 
4.58 
4.59 
37 Gosport Calcium P 200 3.81 4.43 
4.20 
5.29 
38 Grundy - - 0.00 0.07 
0.20 
0.00 
39 Grundy Ag.WAS 50 5.07 5.41 
5.51 
5.65 
40 Grundy Ag.WAS 100 6.60 7.04 
7.25 
7.27 
41 Grundy Ag.WAS 150 5.30 6.01 
5.92 
6.80 
42 Grundy Ag.WAS 200 5.83 5.86 
5.76 
5.99 
Yield of P Average 
% P (nig) (mg) % N % K 
0.168 
0.120 
0.155 
8.47 
5.50 
7.11 
7.03 1.54 
1.51 
1.58 
2.94 
2.72 
2.75 
0.158 
0.149 
0.139 
6.02 
6.26 
7.35 
6.54 1.87 
2.02 
1.48 
2.80 
2.46 
2.28 
0.000 
0.075 
0.000 
0.085 
0.110 
0.110 
0.00 
0.15 
0.00 
4.31 
6.06 
6.22 
0.05 
5.53 
0.00 
6.02 
0.00 
2.48 
1.79 
1.85 
0.00 
3.39 
0.00 
2.61 
2.57 
2.67 
CO 
o 
ai 
0.102 
0.114 
0.165 
6.73 
8.27 
12.00 
9.00 2.62 
1.35 
1.46 
2.70 
1.83 
2.95 
0.151 
0.140 
0.205 
8.00 
8.29 
13.94 
10.08 1.87 
1.60 
1.57 
2.41 
2.35 
3.07 
0.190 
0.222 
0.257 
11.08 
12.79 
15.39 
13.09 2.00 
1.59 
1.42 
2.28 
220.00 
2.13 
Table A6. (Continued) 
Hate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
43 Grundy SMB 50 2.94 3.38 
3.33 
3.88 
44 Grundy SMB 100 4.45 4.66 
5.02 
4.52 
45 Grundy SMB 150 4.63 5.28 
5.64 
5.58 
46 Grundy SMB 200 4.91 4.79 
5.17 
4.28 
47 Grundy CSA 50 2.90 3.86 
4.67 
4.00 
48 Grundy CSA 100 4.49 4.87 
4.44 
5.67 
49 Grundy CSA 150 2.41 4.46 
5.18 
5.79 
Yield of P Average 
% P (nig) (tng) % N % K 
0.102 
0.104 
0.110 
3.00 
3.46 
4.27 
3.58 2.23 
2.41 
1.82 
2.82 
1.97 
2.65 
0.156 
0.158 
0.189 
6.94 
7.93 
8.54 
7.81 1.80 
1.36 
1.47 
2.43 
2.30 
3.02 
0.117 
0.186 
0.206 
0.245 
0.133 
0.221 
5.42 
10.49 
11.49 
12.03 
6.88 
9.46 
9.13 
9.45 
1.67 
1.42 
1.41 
1.85 
1.59 
1.73 
1.65 
2.45 
2.66 
1.60 
1.99 
2.38 
ca 0 01 
0.141 
0.088 
0.121 
4.09 
4.11 
4.84 
4.35 4.45 
2.19 
2.24 
3.49 
2.24 
3.67 
0.160 
0.142 
0.126 
7.18 
6.30 
7.14 
6.88 2.15 
1.48 
1.24 
2.89 
1.85 
1.84 
0.272 
0.167 
0.165 
6.56 
8.65 
9.55 
8.25 0.89 
1.32 
1.29 
2.07 
2.54 
2.21 
Table AG. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
50 Grundy CSA 200 5.92 5.54 
5.59 
5.11 
51 Grundy Base Wt. 50 1.42 2.78 
3.77 
3.16 
52 Grundy Base Wt. 100 4.25 4.27 
4.81 
3.76 
53 Grundy Base Wt. 150 4.48 4.80 
4.80 
5.13 
54 Grundy Base Wt. 200 3.93 4.38 
4.81 
4.40 
55 Grundy SBM 50 0.31 1.44 
3.38 
0.63 
56 Grundy SBM 100 4.17 3.90 
3.77 
3.75 
Yield of P Average 
% P (mg) (mg) % N % K 
0.157 9.29 10.59 1.43 1.92 
0.192 10.73 1.26 2.55 
0.230 11.75 1.24 2.24 
0.128 1.82 2.82 5.11 3.57 
0.093 3.51 2.51 1.94 
0.099 3.13 2.43 3.18 
0.120 5.10 6.00 1.69 2.14 
0.125 6.01 1.76 2.31 
0.183 6.88 2.09 3.38 
CO 
0.080 3.58 4.96 1.57 1.81 3 
0.092 4.42 1.52 2.05 
0.134 6.87 1.52 2.76 
0.132 5.19 5.06 2.04 2.27 
0.122 5.87 1.40 2.10 
0.094 4.14 1.58 1.75 
0.086 0.27 1.61 5.43 1.68 
0.115 3.89 4.23 3.49 
0.109 0.69 6.04 2.82 
0.125 5.21 5.24 2.17 2.65 
0.075 2.83 2.23 1.81 
0.205 7.69 2.53 3.39 
Table A6. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
57 Grundy SBM 150 4.13 4.71 
5.27 
4.73 
58 Grundy SBM 200 5.06 5.30 
5.12 
5.73 
59 Grundy Dairy 50 2.93 3.18 
3.30 
3.30 
60 Grundy Dairy 100 4.36 4.44 
4.36 
4.60 
61 Grundy Dairy 150 4.50 4.82 
4.71 
5.24 
62 Grundy Dairy 200 4.68 4.75 
4.53 
5.03 
63 Grundy Chicken 50 2.70 3.16 
3.39 
3.40 
Yield of P Average 
% P (rag) (mg) % N % K 
0.141 5.82 5.62 1.70 2.18 
0.090 4.74 1.71 1.56 
0.133 6.29 1.37 2.03 
0.160 8.10 8.20 1.32 1.68 
0.122 6.25 1.41 1.50 
0.179 10.26 1.36 2.34 
0.074 2.17 2.79 2.64 1.85 
0.106 3.50 2.71 2.61 
0.082 2.71 2.66 2.73 
CO 
0.128 5.58 5.42 1.99 1.84 ® 
0.130 5.67 1.67 1.84 
0.109 5.01 1.46 2.39 
0.151 6.80 8.48 1.72 2.71 
0.179 8.43 1.67 2.44 
0.195 10.22 1.56 3.20 
0.198 9.27 10.71 1.97 2.51 
0.259 11.73 1.71 2.82 
0.221 11.12 1.65 2.91 
0.099 2.67 2.72 3.62 2.42 
0.080 2.71 2.67 2.48 
0.082 2.79 2.85 2.30 
Table A6. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
64 Grundy Chicken 100 4.99 4.63 
4.78 
4.11 
65 Grundy Chicken 150 5.54 5.19 
4.68 
5.34 
66 Grundy Chicken 200 4.90 5.22 
5.70 
5.06 
67 Grundy Swine 50 1.24 2.49 
3.24 
3.00 
68 Grundy Swine 100 3.66 4.24 
4.45 
4.61 
69 Grundy Swine 150 4.51 4.38 
4.42 
4.20 
70 Grundy Swine 200 4.23 4.49 
4.69 
4.56 
Yield of P Average 
% P (mg) (mg) % N % K 
0.108 5.39 5.12 1.61 2.15 
0.096 4.59 1.53 2.55 
0.131 5.38 1.73 2.18 
0.133 7.37 8.46 2.30 2.55 
0.223 10.44 1.76 3.22 
0.142 7.58 1.57 2.00 
0.192 9.41 9.20 1.77 3.00 
0.180 10.26 1.47 2.55 
0.157 7.94 1.59 2.11 
CO 
0.097 1.20 2.33 5.19 2.93 S 
0.097 3.14 3.19 2.90 
0.088 2.64 4.16 2.67 
0,136 4.98 6.06 2.24 2.09 
0.136 6.05 1.55 2.48 
0.155 7.15 2.11 3.49 
0.150 6.77 8.39 1.44 1.93 
0.196 8.66 1.69 2.65 
0.232 9.74 2.01 3.70 
0.158 6.68 8.27 1.73 2.55 
0.198 9.29 1.81 2.34 
0.194 8.85 1.46 2.50 
Table A6. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
71 Grundy Calcium P 50 0.00 1.83 
3.32 
2.18 
72 Grundy Calcium P 100 0.G8 3.00 
4.26 
4.06 
73 Grundy Calcium P 150 4.09 4.51 
5.29 
4.14 
74 Grundy Calcium P 200 4.41 4.58 
4.97 
4.37 
75 Clinton None - 0.00 0.00 
0.00 
0.00 
76 Clinton Ag.WAS 50 0.61 0.26 
0.00 
0.16 
77 Clinton Ag.WAS 100 0.00 0.00 
0.00 
0.00 
Yield of P Average 
% P (mg) (mg) % N % K 
0.000 
0.127 
0.111 
0.00 
4.22 
2.42 
2.21 0.00 
2.24 
3.46 
0.00 
2.50 
3.38 
0.085 
0.109 
0.186 
0.58 
4.64 
7.55 
4.26 5.79 
2.21 
2.32 
3.02 
2.21 
3.25 
0.121 
0.134 
0.142 
0.196 
0.163 
0.177 
4.95 
7.09 
5.88 
8.64 
8.10 
7.73 
5.97 
8.16 
1.89 
1.53 
1.65 
2.18 
1.40 
1.82 
2.59 
2.18 
2.41 
2.18 
2.42 
3.04 
CO 
»-» 
o 
0.000 
0.000 
0.000 
0.00 
0.00 
0.00 
0.00 0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.088 
0.000 
0.061 
0.54 
0.00 
0.10 
0.21 5.86 
0.00 
5.63 
3.37 
0.00 
2.66 
0.000 
0.000 
0.000 
0.00 
0.00 
0.00 
0.00 0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
Table A6. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
78 Clinton Ag.WAS 150 0.37 0.70 
0.91 
0.83 
79 Clinton Ag.WAS 200 5.25 5.12 
5.56 
4.54 
80 Clinton SMB 50 0.43 0.55 
0.89 
0.32 
81 Clinton SMB 100 3.77 4.46 
4.85 
4.76 
82 Clinton SMB 150 4.28 4.99 
6.09 
4.61 
83 Clinton SMB 200 4.56 4.86 
4.63 
5.39 
84 Clinton CSA 50 3.47 4.22 
5.25 
3.94 
Yield of P Average 
% P (nig) (mg) % N % K 
0.051 
0.069 
0.051 
0.19 
0.63 
0.42 
0.41 5.97 
4.78 
5.50 
1.62 
2.58 
1.80 
0.101 
0.096 
0.087 
5.30 
5.34 
3.95 
4.86 4.09 
2.10 
3.32 
2.79 
1.86 
2.35 
0.110 
0.102 
0.085 
0.47 
0.91 
0.27 
0.55 5.73 
5.92 
5.50 
3.15 
2.47 
4.15 
0.156 
0.169 
0.150 
5.88 
8.20 
7.14 
7.07 2.14 
1.83 
1.56 
2.55 
2.83 
2.02 
0.158 
0.159 
0.233 
6.76 
9.68 
10.74 
9.06 2.10 
1.40 
1.75 
1.99 
2.39 
3.30 
0.197 
0.200 
0.212 
8.98 
9.26 
11.43 
9.89 2.46 
2.05 
1.64 
2.69 
2.80 
2.29 
0.124 
0.099 
0.218 
4.30 
5.20 
8.59 
6.03 4.26 
2.16 
4.56 
3.16 
1.92 
3.30 
Table AG. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
85 Clinton CSA 100 5.11 5.00 
5.06 
4.82 
86 Clinton CSA 150 4.65 5.02 
4.94 
5.47 
87 Clinton CSA 200 4.87 5.35 
5.80 
5.39 
88 Clinton Base Wt. 50 0.00 0.35 
0.64 
0.42 
89 Clinton Base Wt. 100 1.49 3.24 
4.18 
4.04 
90 Clinton Base Wt. 150 3.32 4.02 
4.09 
4.64 
91 Clinton Base Wt. 200 4.13 4.68 
4.53 
5.37 
Yield of P Average 
% P (mg) (mg) % N % K 
0.181 
0.134 
0.165 
9.25 
6.78 
7.95 
7.99 1.45 
1.51 
1.56 
3.44 
2.53 
2.82 
0.170 
0.122 
0.233 
7.91 
6.03 
12.75 
8.89 2.02 
1.65 
1.49 
2.82 
1.40 
3.55 
0.214 
0.191 
0.194 
0.000 
0.073 
0.078 
10.42 
11.08 
10.46 
0.00 
0.47 
0.33 
10.65 
0.26 
1.48 
1.37 
1.15 
0.00 
5.63 
5.14 
3.17 
2.77 
2.68 
0.00 
3.41 
3.27 
CO 
I—' 
to 
0.070 
0.106 
0.138 
1.04 
4.43 
5.58 
3.68 5.23 
1.90 
1.85 
2.52 
1.46 
3.02 
0.102 
0.114 
0.090 
3.39 
4.66 
4.18 
4.08 2.91 
1.99 
1.59 
2.84 
2.16 
1.77 
0.121 
0.112 
0.109 
5.00 
5.07 
5.85 
5.31 1.79 
1.67 
1.44 
2.26 
1.91 
2.15 
Table A6. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
92 Clinton SBM 50 0.00 0.11 
0.00 
0.32 
93 Clinton SBM 100 0.46 3.28 
4.58 
4.79 
94 Clinton SBM 150 1.48 3.70 
4.85 
4.77 
95 Clinton SBM 200 4.79 5.08 
5.34 
5.12 
96 Clinton Dairy 50 3.61 4.30 
4.54 
4.75 
97 Clinton Dairy 100 3.99 4.38 
4.47 
4.68 
98 Clinton Dairy 150 4.28 4.45 
5.19 
3.87 
Yield of P Average 
% P (mg) (mg) % N % K 
0.000 
0.000 
0.066 
0.00 
0.00 
0.21 
0.07 0.00 
0.00 
6.46 
0.00 
0.00 
3.70 
0.066 
0.099 
0.114 
0.30 
4.53 
5.46 
3.43 6.09 
3.63 
2.68 
2.13 
3.25 
2.59 
0.108 
0.112 
0.136 
1.60 
5.43 
6.49 
4.51 5.34 
1.78 
2.02 
3.02 
1.95 
2.03 
0.137 
0.177 
0.177 
6.56 
9.45 
9.06 
8.36 1.90 
1.60 
1.92 
2.78 
2.63 
3.15 
0.089 
0.091 
0.078 
3.21 
4.13 
3.71 
3.68 2.58 
2.10 
2.42 
1.98 
2.0D 
3.24 
0.136 
0.140 
0.154 
5.43 
6.26 
7.21 
6.30 2.27 
1.59 
1.69 
2.58 
2.35 
2.86 
0.191 
0.160 
0.191 
R.I 7 
8.30 
7.39 
7.96 2.04 
1.82 
1.96 
2.07 
2.55 
2.03 
Table A6. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) 
99 Clinton Dairy 200 5.08 4.62 
4.45 
4.32 
100 Clinton Chicken 50 4.01 4.11 
4.09 
4.24 
101 Clinton Chicken 100 3.98 4.32 
4.45 
4.54 
102 Clinton Chicken 150 4.38 4.53 
4.73 
4.48 
103 Clinton Chicken 200 4.97 4.55 
3.94 
4.73 
104 Clinton Swine 50 0.54 1.53 
0.42 
3.62 
105 Clinton Swine 100 4.06 4.45 
4.92 
4.37 
Yield of P Average 
% P (mg) (mg) % N % K 
0.183 
0.223 
0.230 
9.30 
9.92 
9.94 
9.72 1.92 
1.71 
1.63 
2.57 
3.02 
2.39 
0.084 
0.088 
0.164 
3.37 
3.60 
6.95 
4.64 2.27 
2.40 
4.80 
1.88 
2.24 
4.18 
0.166 
0.151 
0.161 
0.203 
0.177 
0.212 
6.61 
6.72 
7.31 
8.89 
8.37 
9.50 
6.88 
8.92 
2.00 
1.93 
1.60 
2.19 
2.07 
1.63 
2.75 
2.87 
2.51 
2.81 
2.43 
2.74 
00 
4^ 
0.198 
0.232 
0.177 
9.84 
9.14 
8.37 
9.12 1.98 
1.91 
1.66 
2.96 
3.25 
2.40 
0.089 
0.071 
0.116 
0.48 
0.30 
4.20 
1.66 5.85 
6.15 
4.39 
2.78 
2.23 
3.48 
0.156 
0.123 
0.154 
6.33 
6.05 
6.73 
6.37 2.37 
1.67 
1.74 
2.62 
2.34 
2.50 
Table A6. (Continued) 
Rate Dry matter Average 
Treat. # Soil Fertilizer mg P/kg yield (g) (g) % P 
Yield of P Average 
(mg) (mg) % N %K 
106 Clinton Swine 150 4.30 
4.93 
4.56 
4.60 0.202 
0.132 
0.127 
8.69 
6.51 
5.79 
6.99 1.90 
1.75 
1.71 
2.63 
2.31 
1.69 
107 Clinton Swine 200 4.50 
4.83 
4.84 
4.72 0.180 
0.134 
0.251 
8.10 
6.47 
12.15 
8.91 1.93 
1.78 
1.61 
2.90 
2.48 
2.93 
108 Clinton Calcium P 50 0.26 
1.16 
0.32 
0.58 0.074 
0.145 
0.067 
0.19 
1.68 
0.21 
0.70 5.77 
5.16 
5.35 
2.98 
3.81 
2.26 
109 Clinton Calcium P 100 1.07 
2.71 
0.52 
1.43 0.088 
0.124 
0.136 
0.94 
3.36 
0.71 
1.67 1.35 
2.48 
6.31 
3.29 
2.66 
3.22 
110 Clinton Calcium P 150 3.11 
4.70 
3.59 
3.80 0.102 
0.141 
0.149 
3.17 
6.63 
5.35 
5.05 5.20 
1.78 
1.51 
3.03 
2.38 
2.16 
111 Clinton Calcium P 200 4.04 
4.90 
4.19 
4.38 0.106 
0.141 
0.154 
4.28 
6.91 
6.45 
5.88 2.25 
1.86 
2.23 
2.47 
2.35 
2.98 
316 
LITERATURE CITED 
Alexander, M. 1965. Nitrification In W. V. Bartholomew and F. E. Clark (eds). 
Soil Nitrogen. American Society of Agronomy, Madison, Wisconsin. p:309-
343. 
Allen, S. E., G. L. Terman, and L. B. Clements. 1976. Greenhouse techniques 
for soil-plant-fertilizer research. National Fertilizer Development 
Center, Tennessee Valley Authority, Bull. Y-104, Muscle Schoals, 
Alabama. 
Ancheng, L., and Sun Xi. 1994. Effect of organic manure on the biological 
activities associated with insoluble phosphorus release in a blue purple 
paddy soil. Commun. Soil Sci. Plant Anal., 25: 2513-2522. 
Baker, A. M., J. R. Trimm, and F. J. Sikora. 1989. Availability of phosphorus in 
bone meal. J. Assoc. Off. Anal. Chem. 72:867-869. 
Bernal, M. P., A. Roig, R. Madrid, and A. F. Navarro. 1992. Salinity risks on 
calcareous soils following pig slurry appplications. Soil Use Manag. 8:125-
130. 
Bieleski, R. L. 1969. P compounds in translocating phloem. Plant Physiol. 
44:497-502. 
Bieleski, R. L. 1973. Phosphate pools, phosphate transport, and phosphate 
availability. Ann. Rev. Plant Physiol., 24:225-252. 
Boawn, L. C., and G. E. Leggett. 1964. Phosphorus and zinc concentrations in 
Russet Burbank potato tissues in relation to development of zinc 
deficiency symptoms. Soil Sci. Soc. Am, Pro. 28:229-232. 
Bolan, N. S., R. Naidu, S. Mahimairaja, and S. Baskaran. 1994. Influence of 
low-molecular-weight organic acids on the solubilization of phosphates. 
Biol Fertil. Soils 18:311-319. 
Brady, N. C. 1990. The Nature and Properties of Soils. Tenth Edition. 
Macmillan Publishing company. New York. 621 p. 
Bray, R. H., and L. T. Kurtz. 1945. Determination of total, organic, and 
available forms of phosphorus in soils. Soil Sci. 59 :39-45. 
317 
Bremner, J. M. 1996. Nitrogen-total. In D. L. Sparks et al. (eds). Methods of 
soil analysis. Part 3. Am. Soc. Agron., Madison, Wisconsin. 
Bremner, J. M., and C. S. Mulvaney. 1982. Nitrogen-total. In A.L. Page. R.H. 
Miller, and D.R. Keeney (eds). Methods of soil analysis. Part 2. 2"^ ed. 
American Society of Agronomy, Madison, Wisconsin. 
Cantarella, H., and M. A. Tabatai. 1982. Amides as sources of nitrogen for 
plants. Soil Sci. Soc. Am. J. 47:599-603. 
Chang, C., T. G. Summerfeldt, and T. Entz. 1993. Barley performance under 
heavy appUcation of cattle feedlot manure. Agron. J. 85:1013-1018. 
Charter, R. A. 1994. Metal contents of fertilizers and their phytoavailability 
form sewage sludges and their huma base counterparts added to soils. 
MSc. Thesis. Iowa State University. Ames. Iowa. 
Clarkson, D. T. 1985. Factors affecting mineral nutrient acquisition by plants. 
Ann. Rev. Plant Physiol. 36:77-115. 
Dick, W. A., and M. A. Tabatabai. 1978. Inorganic pyrophosphatase activity of 
soil. Soil Biol. Biochem. 10:59-65. 
Eghball, B., and J. F. Power. 1994. Beef cattle feedlot manure management. J. 
Soil and Water Cons. 49:113-122. 
Fardeau, J. C. 1996. Dynamics of phosphate in soils. An isotopic outlook. 
Fertil. Res. 45: 91-100. 
Francois, L. E., T. Donovan, and E. V. Maas. 1984. Salinity effects on seed 
yield, growth, and germination of grain sorghum. Agron. J. 76:741-744. 
Greenwood, D. J., T. J. Cleaver, M.K. Turner, J. Hunt, K. B. Niendorf, and S. 
H. Loquens. 1980. Comparison of the effects of phosphate fertilizer on 
the yield, phosphate content and quality of 22 different vegetable and 
agricultural crops, J. Agric. Sci. 95:457-469. 
Hue, N. V. 1991. Effects of organic acids/anions on P sorption and 
phj^oavailability in soils with different mineralogies. Soil Sci. 151:463-
471. 
318 
lyamuremye, F., and R. P. Dick. 1996. Organic amendments and phosphorus 
sorption by soils. Adv. Agron. 56:139-185. 
Jarrell, W. M., and R. B. Beverly. 1991. The dilution effect in plant nutrition 
studies. Adv. Agron. 34:197-224. 
Jensen, I. 1982. Nutritional value of P in farmyard manure. Acta Agric. Scand. 
32:207-214. 
Jensen, I. 1991. The after-effect of P from cattle slurry and superphosphate on 
yield and nutrient uptake in sugar beets. Acta Agric. Scand. 41:259-265. 
Joseph, D. D., G. C. Russell, and D. H. Siehng. 1952. Effect of organic matter 
on phosphate availabihty. Soil Sci. 73:173-181. 
Karmarkar, S. V., and M. A. Tabatabai. 1991. Effects of biotechnology 
byproducts and organic acids on nitrification in soUs. Biol Fertil Soils. 
12:165-169. 
Kingery, W. L., C. W. Wood, D.P. Delaney, J. C. Williams, G.L. MuUins, and E. 
van Santen. 1993. Implications of long-term land application of poultry-
litter on tall fescue pastures. J. Prod. Agric. 6:390-395. 
Klock, K. A., and H. G. Taber. 1996. Comparison of bone products for 
phosphorus availability. HortTechnol. 6:257-260. 
Kpomblekou-A, K., and M. A. Tabatabai. 1994. Effect of organic acids on 
release of phosphorus from phosphate rocks. Soil Sci. 158:442- 453. 
Langin, E. J., R. C. Ward, R. A. Olson, and H. F. Rhoades. 1962. Factors 
responsible for poor response of corn and grain sorghum to phosphorus 
fertilization: II. Lime and P placement effects on P-Zn relations. Soil Sci. 
Soc. Proc. 1962:574-578. 
Larsen, S. 1967. Soilphosphorus.Adv.Agron. 19:151-210. 
Lewis, D. G., and J. P. Clark. 1967. Phosphate diffusion in soil and uptake by 
plants: II. Phosphate uptake by wheat plants. Plant Soil 36: 119-128. 
Lu, N., and J.H. Edwards. 1994. Poultry litter quantity influences collard 
growth in pots and affects cabbage growth and nutrient uptake. 
HortScience 29:1143-1148. 
319 
Marschner, H. 1995. Mineral Nutrition of Higher Plants. Second Edition. 
Academic Press. London. 889 p. 
Martinez, C. E., and M. A. Tabatabai. 1997. Decomposition of Biotechnology- By­
products in soils. J. Environ. Qual. 26:625-632. 
Moore , P. A. Jr., and D. M. Miller. 1994. Decreasing phosphorus solubility in 
poultry litter with aluminium, calcium, and iron amendments. J. 
Environ. Qual.23:325-330 
Moore , P. A. Jr, T. C. Daniel, A. N. Sharpley, and C. W. Wood. 1995. Poultry-
manure management: environmentally sound options. J. Soil Water 
Cons. 50:321-327. 
Murphy, J., and J. P. Riley. 1962. A modified single solution method for the 
determination of phosphate in natxural waters. Anal. Chim. Acta 27:31-
36. 
Nandi, S. K., R. C. Pant, and P. Nissen. 1987. Multiphasic uptake of 
phosphate by corn roots. Plant, Cell Environ. 10:463-474. 
Nelson, D. W., and L. E. Sommers. 1973. Determination of total nitrogen in 
plant material. Agron. J. 65:109-112. 
Nelson, D. W., and L. E. Sommers. 1982. Total carbon, organic carbon, and 
organic matter. In A. L. Page, R. H. Miller, and D. R. Keeney (eds). 
Methods of soil analysis. Part 2. 2"*^ ed. Am. Soc. Agron., Madison. 
Wisconsin. 
Olsen, S. R., and L. E. Sommers. 1982. Phosphorus. In A. L. Page, R. H. 
Miller, and D. R. Keeney (eds). Methods of soil analysis. Part 2. 2"<^ ed. 
Am.Soc. Agron., Madison, Wisconsin. 
Olson, R. A., A. F. Freier, C. A. Hoover, and H. F. Rhoades. 1962. Factors 
responsible for poor response of corn and grain sorghum to phosphorus 
fertilization; I. Soil phosphorus level and climatic factors. Soil Sci. Soc. 
Am. Proc. 1962:571- 574. 
Openshaw, M. D. 1968. Ammonia diffusion zones in soil and the effect of 
ammonical nitrogen on germinating corn seeds. Unpublished M.S. 
thesis. Iowa State University, Ames. Iowa. 
320 
Ozanne, P. G. 1980. Phosphate nutrition of plants-A general treatise In F. E. 
Khasawneh et al (eds). The Role of P in Agriculture. Am. Soc. Agron., 
Madison, Wisconsin. p:559 - 590. 
Rehm, G. W., R. C. Sorenses, and R. A. Wiese. 1981. Application of 
phosphorus, potassium, and zinc to corn grown for grain or silage: Early 
growth and yield. Soil Sci. Soc. Am. J. 45:523-528. 
Robinson, J. S., and A. N. Sharpley. 1995. Release of nitrogen and phosphorus 
from poultry litter. J. Environ. Qual. 24:62-67. 
Rossiter, R. C. 1952. Phosphorus toxicity in subterranean clover and oats 
grown on Muchea sand, and the modifying effects of lime and nitrate-
nitrogen. Aust. J. Agric. Res. 3:229-244. 
Sharpley, A. N., S. J. Smith, and W. R. Bain. 1993. Nitrogen and phosphorus 
fate from long-term poultry Utter applications to Oklohoma soils. Soil Sci. 
Soc. Am. J. 57:1131-1137. 
Shepard, S. C., and G. J. Racz. 1980. Phosphorus nutrition of crops as affected 
by temperature and water supply. Western Canada Phosphate 
Symposium, Alberta March 11-12, 1980. p:159-199. 
Shortall, J. G., and W. C. Liebhardt. 1975. Yield and growth of corn as 
affected by poultry manure. J. Environ. Qual. 4:186-191. 
Sims, J. T., and D. C. Wolf. 1995. Poultry waste management: agriculturEil and 
environmental issues. Adv. Agron. 52:1-83. 
Sommers, L. E., and D. W. Nelson. 1972. Determination of total phosphorus in 
soil: A rapid perchloric acid digestion procedure. Soil Sci. Soc. Am. Proc. 
36:902-904. 
Soper, R. J., and G. J. Racz. 1980. Reactions and behavior of phosphorus 
fertilizer in soil. Western Canada Phosphate Symposium, Alberta March 
11-12, 1980. p:65-91. 
Sutton, A. L. 1994. Proper animal manure utilization. J. Soil and Water Cons. 
49:65-70. 
Sumner, M. E., and M. P. W. Farina. 1986. Phosphorus interactions with other 
nutrients and lime in field cropping systems. Adv. Soil Sci. 5:201-236. 
321 
Staunton, S.,and F. Leprince. 1996. Effect of pH and some organic anions on the 
solubility of soil phosphate: implications for P bioavailability. Eur. J. Soil 
Sci. 47:231-239. 
Taiz, L., and E. Zeiger. 1991. Plant Physiology. The Benjamin/Cummings 
Publishing Company, Inc. 565 p. 
Thomas, R. P. 1966. Phosphorus- Key element in plant and animall nutrition. 
Int. Mineral and Chemical Corporation. Illinois. 81 p. 
Tisdale, S. L., W. L. Nelson, J. D. Beaton, and J. L. Havlin. 1993. Soil Fertility' 
and Fertilizers. Macmillan Publishing Company. New York. 
Walter, N. F., G. R. Hallberg, and T. E. Fenton. 1978. Particle-size analysis by 
the ISU Soil Survey Laboratory. In G. R. Hallberg (ed) Standard 
procedures for evaluation of quaternary materials in Iowa. Technical 
Information Series number 8. Iowa Geological Survey. Iowa City. p:61-
74. 
Zhu, B., M. A. Tabatabai, S. J. Henning. 1995. Biotechnology by-products as 
sources of nitrogen for plants. J. Environ. Qual. 24:986-992. 
322 
ACKNOWLEDGMENTS 
I wish to thank Dr. M. A. Tabatabai, under whose supervision this work 
was carried out, for his support, guidance and time spent with the author during 
the course of this study. His enthusiasm and commitment towards research was 
inspirational. 
I would like to express my appreciation to Dr. Stan Henning for helping in 
collecting the samples of soils, biotechnology by-products, and animal manures 
used in this research, to Dr. T. B. Bailey for helping with the experimental 
design, and to Drs. T. E. Loynachan, R. Horton, and M. H. Spalding for serving on 
my POS committee. I would also like to express my appreciation to Bob Charter. 
Z. N. Senwo, A. W. Kleinschmidt, Dwi Rovita, M. J. Andales, Jennifer Moore, 
Fahad Al-Romian, V. A.-Martinez, S. Deng, Susan Klose, and the Mayra for their 
help in setting up the greenhouse work and friendship during my studies at Iowa 
State University. 
Many thanks to the Indonesian Oil Palm Research Institute for the 
fellowship provided during my studies at Iowa State University. Finally I would 
like to thank my parents who always pray for my success, to my sons Akbar and 
Bayu, and to my lovely wife Siti Aisyah. Through their sacrifices and patience 
this work was made possible. 
_iMAGE EVALUATION 
i tST lARGET (QA-3)  
VJ 
/ 
,<c> M 
/ 
150mm 
6" 
>IPPLIED J IIVMGE . Inc 
1653 East Main Street 
Rochester, NY 14609 USA 
Phone: 716/482-0300 
-='-=• Fax; 716/288-5989 
<0 1993, Applied Image, Inc., All RIgnis Reserved 
»• 
